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PREFACE. 



We have prepared this book at the urgent re- 
quest of many teachers who desire something easier 
and briefer than the " Chemistry " of the Cambridge 
Course of Physics. This is a more elementary 
work, and therefore leas theoretical. It is, in a 
word, a manual of the elementary facts and princi- 
ples of Chemistry. While there is Httle that is 
strictly theoretical in the body of the book, we have 
not forgotten that Chemistry is not a mere mass of 
dead facts, but a hving science. We have there- 
fore aimed to present the facts in such a way as to 
awaken a love for the science itself, no less than to 
show its utility. Our object has been not only 
to describe the properties of the leading elements 
and compounds, but also to show the wonderful part 
played by the chemical force in nature, as well 
as to illustrate its practical apphcations in the arts. 
We have endeavored to give the young student a 
glimpse of — ■ 



a life whose fountain-head is the sun, and whose 

Hosmdoy Google 



processes we trace in the chemistry of the atmos- 
phere. In this indirect but natural way, we have 
introduced us much of arg-am'c chemistry as could 
well find place in an elementary manual. 

The metah we have grouped more according to 
their uses than according to their chemical relations, 
with a view to make the subject less dry and more 
practical . 

It is difficult to write a book suited to the wants 
of different schools, or even of successive classes in 
the same school; since the schools vary in grade, 
and the classes in ability. We have attempted to 
meet this difficulty by putting into the body of the 
book the simpler and more practical portions of the 
subject, which can be readily mastered by young 
pupils of average ability, and by adding in the 
Appendix a concise statement of the elements of 
chemical philosophy as now understood. In tliis 
way, the simpler and the more difficult parts, 
instead of being confusedly mixed together, dis- 
tinguished merely by the common and clumsy expe- 
dient of coarse and fine print, are treated separately, 
so that each may be complete and symmetrical. At 
the same time, the two parts do not overlap, but 
form successive chapters progressively arranged. 
Our experience as teachers has convinced us, that 
this is, on the whole, the best method of meedng 
the wants of successive classes ; and the marked 
favor with which our " Handbook of the Stars," an 
elementary " Astronomy " on precisely the same 



,.ie.., Google 



plan, has been received, shows that the experience 
of many of our fellow-teachers has been pretty much 
the same as our own. 

We have not forgotten that the theories of chem- 
istry have been revolutionized within a few years ; 
and we have of course used the new symbols and 
notation, without which it is as impossible to teach 
modern chemistry as it would be to teach modern 
astronomy in the language of the old astrologers. 
Until within a year or two, there was some excuse 
for clinging to the old notation, as rival systems 
were contending for the supremacy. But even as 
long ago as October, 1866, Miller, the first English 
authority on the subject, wrote as follows: "The 
change in notation is certain to be adopted, since 
in none of the recent investigations in this country, 
and in veryfew of those on the Continent, is the old 
method made use of." Since that time, the system 
of symbols and notation used by us in this book has 
been formally adopted by the Chemical Society 
of London, whose decision is recognized as law in 
England ; and it is now taught in Harvard College, 
which will certainly be acknowledged as one of the 
highest authorities in this country. 

In the chapter on the Chemistry of the Atmos- 
phere, we have been especially indebted to the Lec- 
tures on "Religion and Chemistry" (New York, 
1866), by Professor Josiah P. Cooke, Jr., of Harvard 
College ; and the chapter on Chemical Philosophy 
is almost wholly drawn from the "First Piincipks 
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of Chemical Philosophy " (Cambridge, 1868) , by the 
same eminent author. His remarkable power of 
presenting difficult subjects in a way at once clear 
and attractive, makes these books especially valuable 
to the teacher. 

We have been imder obligations, also, to Miller's 
"Elements of Chemistry" (London, 1866), and 
Roscoe's "Elementary Chemistry" (London, 1866). 
These books (both of which, we are glad to see, 
have been recently reprinted here) as well as 
Hofmann's "Modern Chemistry" (London, 1865), 
andWurtz's "Introduction to Chemical Philosophy" 
(London, 1867), the teacher will find useful for 
purposes of reference. 

Cambridge, December 10, 1868. 



5^~Te:ichers will observe that, except in the t 
either the old chemical name or the ordiiiarj' commer 
of the substance lE generally added, in parentheses, ti 
chemical name. 
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THE NON-METALLIC ELEMENTS. 



COMPOUNDS AND ELEMENTS. 

I. Muriatic Acid. — Into a bottle arranged as shown 
in Figure i, put a few bits of zinc, and pour a little muri- 
atic acid over tliem. Effervescence at once takes place, 
and a colorless gas passes through the bent tube into the 
jar, which has been previously filled with water, and in- 




verted over llie trough. When the jar is full of gas, raise 
it from the water, and apply a lighted taper to its mouth. 
The gas takes fire with a slight explosion, and burns with a 
pale flame. This gas is called hydrogen, and comes from 
the muriatic acid. 

Pour a little of the muriatic acid into a flask (Figure 2), 
add a little black oxide of manganese, mix tiiem thor- 
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4 COMrOUNDS AND 

ouglily, and heat gently. A greenish-yellow gas passes 
into the jar Inverted over the water-trough. When the 
jar is full, close its mouth witli a glass plate, remove it 
from the trough, and set it on the table. Moisten a piece 
of litmus-paper or colored cotton cloth, and hold it inside 
the jar. It will be instantly bleached. This gas is called 
chlorine, and, like the hydrogen, comes from tlie muri- 




atic acid. Chlorine may ! e ecogn zed by ts bleaching 
power, and also by its color ind ts s ffocat ng odor 

We have now got fro n n r at c ac d t vo gases 1 -dro- 
gen and chlorine. 

If a small glass jar be filled with equal parts of these 
two gases, and a light be applied to its mouth, the mix- 
ture will take fire with an explosion. If a litde dish of 
ammonia be standing by, a dense white cloud will appear 
when the gases bum. 

Now this cloud sh 
produced ; for, if we dip 



ind hold it ( 



tlie 



that muriatic acid has been 

a glass rod in muriatic acid, 

the white cloud at 



once appears. 

Muriatic acid, then, contains nothing hut hydrogen and 
chlorine. 
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2. Waier. — 1( a bit of sodium be thrust beneath the 
mouth of an inverted jar, filled with water, as shown in 
Figure 3, bubbles of gas rise and fill tlie jar. On raising 
the jar, and applying a taper to its mouth, we see, by tlie 
way in which the gas takes fire, that it is hydrogen. 

Fill a tall glass jar with chlorine ivater (that is, water 
which has absorbed chlorine gas), invert it, with its 



Fig. 3. 




mouth in a shallow dish of water, and leave it for ten or 
twelve hours in the sunshine. Bubbles of gas will be 
seen to rise, and collect in the top of the jar. If now we 
set the jar upright, and plunge a lighted taper into the 
gas, the taper burns much more brightly than in the air. 
This gas is called oxygen. 

We have tlius got hydrogen and oxygen from water. 
If, now, we burn a jet of hydrogen in a jar of oxygen, 
moisture will collect on the sides. This moisture is 
water, and comes from the union of the hydrogen and 
the oxygen. This shows that there is notliing but oxygen 
and hydrogen in water. 
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3. Afnmonia. — Fill with chlorine a long glass tube, 
^.^ ^ closed at one end. Close 

tlie other end with a cork, 
through which passes a drop- 
ping tuhe. (Figure 4.) If, 
, a little ammonia he 
dropped into the tuhe, flashes 
I of light and dense white 
) fumes appear within. Next 
allow water to 11m into tiie 
tube as long as it w^ill, and 
test the gas which remains, 
by putting a piece of litmus- 
paper into it. The paper is 
not bleached, hence tlie gas 
is not chlorine. Plunge a 
lighted taper into it, and it 
goes out, and the gas doea 
not take fire ; hence the gas 
is neither oxygen nor hydro- 
gen. It is nitrogen., and it 
always, as in this case, ex- 
tinguishes a lighted taper, 
e come from tlie ammonia, since 
1 the water poured into the tube. 
The ^vhite fi-imcs which appeared in the tube, when 
the ammonia was dropped in, showed that muriatic acid 
was formed. Now we have learned that muriatic acid is 
made up of chlorine and hydrogen. The hydrogen must 
also have come from the aminonia. 

Ammonia, then, contains nitrogen and hydrogen. It 
has been found by experiment that it contains nothing but 
these two gases. 

4. Compounds and Elements. — We have now seen 
that muriatic acid, water, and ammonia, are made up of 



This 



litrogen must hai 
nitrogen ii 
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other substances, which we can separate from them. In 
other words, they are compound substances, and we have 
decomposed them. But no means has been found of de- 
composing oxygen, hydrogen, chlorine, and nitrogen into 
simpler substances. These, and other substances which 
cannot be decomposed, are called elements. 

Most substances with which we are familiar are com- 
pounds. The metals, however, are all elements. 

There are only about sixty-five elements in all, and 
many of these are very rare substances. 

5. Names and Symbols of Elements, ~~'EX&a\&n\si have 
been divided into two classes, metallic and non-metallic. 
The folio w^ing list contains the names of die most 
important elements usually put in each class, together 
■with the abbreviations of these names commonly used. 
These abbreviations are called symbols. 



NON-METALLIC ELEMENTS. 



METALLIC ELEMENT'!) 



Iron O-™ 
Lead (fliati 
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It ■will be noticed tliat in some cases tlie symbol is an 
abbreviation of the Latin name of the element. 

6. Affinity. — The force which draws elements toge- 
ther, and locks them up in compounds, is called a^fiily^ 
or chemical force. 

One of the characteristics of this force is, tliat it changes 
tJie properties of the substances which it brings together. 
It not only unites different substances, but unites them so 
as to form a new substance. It combines them. 

This characteristic is well illustrated in the case of 
water, a substance wholly unlike hydrogen, w^hich is 
combustible, and oxygen, which aids combustion. 

The second characteristic of affinity is, that it always 
acts bet-ween definite quantities of matter. This may 
be illustrated by tiie following experiment: — 

Partially fill the closed arin of the U tube (Figiu-e 5) 
with a mixture of hydrogen and oxy- 
gen, using more than twice as much 
hydrogen as oxygen. Explode the mix- 
ture by means of an electric spark from 
a Leyden jar. The hydrogen and the 
oxygen combine to form water, but 
some gas remains, which, if tested with 
a taper, is found to be hydrogen. 

If now we put into the tube a mix- 
:__ ture containing less than twice as much 
I hydrogen as oxygen, the gas which re- 

ins after tlie explosion is found to be 

oxygen. 
In both cases, the oxygen combines with exactly twice 
its bulk of hydrogen, and this will be true in whatever 
proportions the gases may be mixed. 

This experiment also illustrates the third characteristic 
of affinity, which is, that it is often dormant until it is 
roused to activity by heat, or some other force. The 
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oxygen and the hydrogen showed no disposition to com- 
bine until the sparlt was sent through them. 

7. Molecules and Atoms. — It is supposed that all 
bodies are made up of small particles called molecules., 
and that these molecules are made up of smaller parti- 
cles, which are called atoms (that is, not to be divided'), 
since we ai« not able to subdivide them. 

In an elementary substance, the atoms are supposed to 
be all alike in form and weight, but those of one element 
differ in weight from tliose of another. In a compound sub- 
stance, tiie molecules are supposed to be alike, each being 
made up of a fixed number of atoms of each of the com- 
ponent elements; but the molecules of one compound 
differ from those of another in their atomic constitution. 
This theory of the composition of substances is called the 
atomic theory. 

Thus the molecules of muriatic acid are supposed to 
be made up of one atom of hydrogen and one of chlorine ; 
the molecules of -water to be made up of two atoms of 
hydrogen and one of oxygen ; and the molecules of am- 
monia to be made up of three atoms of hydrogen and one 
of nitrogen, 

S. Symbols of Compounds. — The symbol of a com- 
pound is made up of the symbols of its elements. It also 
indicates the atomic constitution of the molecules of the 
compound. The symbol of each element represents one 
atom of that element. If there is more than one atom of 
the element in the molecule, this is indicated by a small 
figure placed at the right of die symbol. Thus the sym- 
bol for muriatic acid is HCl ; indicating that muriatic 
acid is a compound of hydrogen and chlorine, and that a 
molecule of muriatic acid is made up of one atom of 
hydrogen and one of chlorine. The symbol for water is 
HjO, since water is a compound, wlioae molecule con- 
tains two atoms of hydrogen and one of oxygen. The 
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symbol of ammonia is HjN, its molecule being made up 
of three atoms of hydrogen and one of nitrogen. 

9. Atomic Weights. — According to the atomic theory, 
an atom of chlorine weighs 35.5 times as much as an atom 
of hydrogen; an atom of oxygen weighs 16 times as much 
as one of hydrogen ; and an atom of nitrogen 14 times as 
much as one of hydrogen. If then we represent the 
weight of an atom of hydrogen by i, the weight of an 
atom of chlorine will be 35.5 ; that of an atom of oxygen, 
16 ; and tliat of an atom of nitrogen, 14. These numbers 
are called the atomic -weights of these elements. (5.) 

We now see tliat tlie symbol of a compound represents 
not merely the atomic constitution of the compound, but 
also the relative weights of its elements. Thus muriatic 
acid, HCl, contains i part by weight of hydrogen to 35.5 
parts by weight of chlorine ; water., HjO, contains 2 parts 
by weight of hydrogen to 16 of oxygen ; and ammonia, 
HgN, contains 3 parts by weight of hydrogen to 14 of 
nitrogen. 

OXYGEN. 

10. Preparation of Oxygen. — Oxygen is most readily 
obtained from potassic chlorate (chlorate of potash), a sub- 
stance of whose weight it forms about 40 per cent. The 
chlorate is heated in a flask (Figure 5), and the gas is 




HooMi, Google 



COMPOUNDS AND ELEMENTS. II 

collected over water. Potassic chlorate is a compound of 
chlorine, potassium, and oxygen, and its symbol is KClOj. 
The oxygen is set free by the heat, leaving the chlorine 
and potassium as a compound called -potassic chloride. 

A chemical change of this kind is. called a reaction, 
and may be expressed in the form of an equation. In 
this case the equation will be — 

KClOs^KCl + Os 

indicating that tlie potassic chlorate, KClOg, has been 
broken up into potassic chloride, K.C1, and oxygen, O. 

If a small quantity of black oxide of manganese be 
mixed vi'ith the potassic chlorate, the gas is given off at a 
much lower temperature, and more gradually. The man- 
ganese, however, undergoes no change in the process. 

II. Properties of Oxygen. — We have already seen 
(2) that a taper burns much more vividly in oxygen than 
in the air. 

If a piece of charcoal be lighted and plunged into a jar 
of oxygen, it burns with a very brilliant ivhite light. 
Pour now some clear lime-water into the jar, and shake it. 
The liquid becomes milky white, showing that the gas 
has undergone a change ; for oxygen has no effect upon 
lime-w^ater. Charcoal is a form of the element carbon, 
and the oxygen has combined with it. The compound 
produced is called carbonic anhydride {carbonic acid), 
and its composition is represented by the symbol, CO^. 

If a bit of sulphur be ignited and put into a jar of oxy- 
gen, it burns with a vivid blue light and a suffocating 
odor. The sulphur and tire oxygen have combined to 
form sulphurous anhydride (sulphurous acid), the sym- 
bol of which is SO^. 

Phosphorus burns in oxygen with dazzling brilliancy, 
producing dense, white fumes o? phosphoric anhydride 
{phosphoric acid), Ppa. 
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Thus far, we have found that substances which burn in 
the air burn more rapidly and more brightly in oxygen. 
If, now, we fasten a bit of wood to a steel watch-spring, 
ignite the wood, and plunge the whole into a jar of oxy- 
gen, the w^atch-spring takes fire, and burns as readily as a 
splint of wood burns in the air. In this case the iron and 
the oxygen combine, forming a mixture of two oxides of 
iron, FeO, ferrous oxide, and Ye,^^, ferric oxide. 

The above experiments illustrate several properties of 
oxygen: (i) the passive state in ivJiich it exists under 
ordinary circumstances, it being necessary to heat it in 
order to make it combine rapidly with any substance ; (2) 
the intense energy with tv/UcU it enters into combination 
■when once aroused; and (3) the wide range of its affini- 
ties. It combines with every known element, except 
fluorine. 

12. Ozone. — If a series of electric sparks be sent 
through dry oxygen, the gas undergoes a change. It ac- 
quires more active properties and a peculiar odor from 
which it takes its name, ozone,* The odor perceived 
^vlien an electrical machine is worked is owing to the 
presence of ozone. 

If a paper moistened with a solution oi potassic iodide 
(iodide of potassium), KI, and starch paste be held op- 
posite a point on the conductor of an electrical machine, 
the paper becomes blue. The iodine is set free by the 
ozone, and unites with the starch, forming a blue com- 
pound, which colors the paper. Ordinary oxygen has no 
such power to separate iodine from its combination with 
potassium. 

There has been much discussion concerning tire natui'e 
of ozone. It appears, however, to be simply oxj^n in 
a modified and condensed form. 

* Ozone is devived from a Greek word which mciuis to emit a 
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This partially active state of oxygen is intermediate 
between tlie active and passive states already mentioned. 

13. Allotroplc States. — Tliere are other elements 
wliich exist in states in which tlieir properties are as un- 
hke as tliose of oxygen and ozone. These different states 
of an element are called allotroplc states. 

14. Oxides. — " The simple compounds of the elements 
with oxygen are called oxides, and the specific names of 
the different oxides are formed by placing before the word 
oxide the name of the element, but changing tiie ter- 
mination into ic or ous, to indicate different degrees of 
oxidation, and using the Latin name of the element in 
preference to the English, both for the sake of euphony 
and in order to secure more general agreement among 
different languages. When the same element unites with 
oxygen in more than two proportions, tlie Latin preposi- 
tions or numeral adverbs, sub, fer^ bis, etc., are prefixed 
to tlie word oxide in order to indicate the additional de- 
grees. Formerly these compounds were called the oxides 
of the different elements, tlie degrees of oxidation being 
indicated solely by the prefixes," * 

The ending otis indicates a lower degree of oxidation 
than the ending ic. 

15. Acids. — Very many of the non-metallic oxides 
combine with water, forming compounds which turn blue 
litmus-paper red. Such oxides are called acid oxides, or 
anhydrides, and their compounds with water are called 
acids. Thus SO, + H^O = H^SO,. SO^ is sulphurous 
anhydride, often improperly called sulphurous acid, a 
name which properly belongs to H^SO,, So H^O -\- SOj 
{sulphuric anhydride) ^'H.^O^ {sulphuric acid). 

Here, too, as in the case of oxides, the ending ous 
denotes a lower degree of oxidation than the ending ic. 

* First Principles of Chemical Philosophy. B7 Josiah P. 
Cooke, Jr., 1868, p. 69. 
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When more than two acids are formed by the same 
elements, the prefixes Ay/o (less) and hyper or per 
(more) are used. Thus, hydrogen, chlorine, and oxygen 
form four acids : MC\0, hypochlorous acid; YiCiO^, chlo- 
rous acid; HClOg, chloric acid; and HCIO,, hyper- 
chloric acid, ar perchloric add. 

It will be noticed tliat these acids are named from the 
element with which tlie oxygen combines to form an acid 
oxide ; sulphuric and sulphurous acid from sulphur-, and 
so on. It will be seen also that in the symbols of the 
acids the hydrogen is placed^rj^, and tlie oxygen last. 

i6. £ases. — Many of the metallic oxides combine 
■with water to form compounds whose properties are the 
Opposite of those of the acids. These are called basic 
oxides, and tlieir compounds w^ith w^ater are called bases. 
The specific name of a base is inade an adjective in ic or 
ous formed from the Latin name of the metal, followed 
by the term hydrate. Thus, \ (Hp -|- K^O) = HKO. 
KjO is potassic oxide, and HKO is potassic hydrate. 
So HjO + BaO {baric oxide) = H^BaOj {baric hydrate). 

The potassic and sodic hydrates (HKO and HNaO) 
and some others are called alkalies. They differ from 
the remaining hydrates in that they cannot be decom- 
posed by heat. 

17. Neutrals. — Those oxides which, like water, are 
neither acid nor basic, are called neutral oxides, or neu- 
trals. 

18, Salts.— A metal may take the place of the hydro- 
gen, in an acid, and the compound thus formed is called a 
salt. Thus, the metal potassium may take the place of 
the hydrogen in H^SOg and H^SO,, forming the salts 
K5SO3 and K^SO^. A salt is named from the acid, the 
ending ic being changed to ate, and the ending ous to 
ite, with tlie name of the metal prefixed with the ending 
ic or o«5. Thus, KjSOg is potassic sulphite, and K2SO4, 
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fotassic sulphate. FeSOj is ferrous sulphate, and 
Fe^SO,, ferric sulphate. 

19. [Binary and Ternary Compounds. — Compounds 
like the oxides, whicli contain tivo elements, are called 
binary compounds ; and compounds like the acids men- 
tioned above (ig) which contain three elements, are 
called ternary compounds. 

HYDROGEN. 

20. Preparation of Hydrogen. — The most conven- 
ient way of preparing hydrogen is by the action of zinc 
on dilute sulphuric acid. The apparatus required is 
shown in Figure y. 




The reaction between the zinc and the sulphuric acid 
is shown in the following equation: — 

H,SO, -1- Zn = Zn SO, + H,. 
The zinc changes places with the hydrogen, forming the 
salt known as zincic sulphate, or white vitriol, while 
the hydrogen is set free. 

21. Properties of Hydrogen. — If soap-bubbles are 
blown with a mixture of two measures of hydrogen to 
one of oxygen, they will explode violently when touched 
with a lighted taper ; showing the intense energy w^ith 
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which hydrogen and oxygen combine at a high temper- 
ature. If a mixture of hydrogen and atmospheric air 
be used, a Bimilar explosion will take place. Hence, in 
preparing hydrogen for experiments, great care must be 
taken to expel all air from the apparatus before any of 
the gas is collected. 

If a small rubber balloon be filled with hydrogen, it 
rises readily in tlie air, showing that the gas is lighter 
than air. It is, in fact, the lightest substance known, 
being 14.5 times lighter tlian air, and 16 times lighter 
tlian oxygen. It was formerly used in filling balloons ; 
but coal-gas, which, tliough not so light, is much cheap- 
er, is now commonly employed instead. 

The lightness of hydrogen and the energy with which 
it combines with oxygen, are its two most important 
characteristics. 

23. The Oxy-hydrogen Blowpipe. — The energy with 
which hydrogen and oxygen combine develops intense 
heat. This may be shown by means of the oxy-hydrogen 
blotvfi-pe, represented in Figure 8. The hydrogen is 
Fig. s. forced thi-ough die tube 

H^ and tlie oxygen 
through the tube O; 
and it will be seen that 
the two can mix only at 
the mouth of the jet 
where they are burned, 
so that there is no dan- 
ger of an explosion. The gases may be kept in a gas- 
ometer (Figure 9), or, more conveniently, in gas-bags 
of india-rubber. 

Hold a copper or iron wire in the flame of this blow- 
pipe, and it bums as readily as a pine shaving held in 
the flame of a lamp. A steel watch-spring burns with 




brilliant scintillatio 



If a bit of zinc be placed on a 
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piece of charcoal hollowed out for the purpose, and the 
flame of the blowpipe be directed upon it, the meta! 
quiclily rnelts and burns. An- ^. 

timony, bismuth, and many 
otlier metala will bum in the 
same way, each with a clni- 
acteristlc light. Ca'it - iioii 
bums with a ehowei of blight 
sparks. Platinum, which is 
one of the most infusible of 
substances, is readilj melted, 
and even converted into \ apoi, 
A small cylinder of lime 
placed in the blowpipe flime 
becomes ■white-hot, and glows 
with most intense brilliancy, 
forming ■what is known as 
the lime light or Diummo 
light. When the ra^s of this | 
light have been gathered and 
reflected by a minor it his 
been seen at a distance ot one hundred miles in full 
daylight. 

WATER. 

23. The Properties of Water. — The most important 
compound of hydrogen is Tvater, which, as we have 
already learned (2), contains hydrogen and oxygen. 

At ordinaiy temperatures, water is a clear, colorless 
transparent liquid, ^vithout taste or smell. It freezes at 
32°, and under the ordinary pressure of the atmosphere 
it boils at about aia°. 

It is the most universal solvent known. There are but 
few substances which are not dissolved by it. Even those 
which we call insoluble, generally differ from the rest 
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only in degree. Spring water dissolves lime-rocks, and 
almost all other mineral substances. The beautiful crys- 
tals found in the rocks are almost invariably deposited 
from a solution of the mineral in water, though in many 
cases it may have taken thousands of years to form tliem. 

Water dissolves almost all gases as well as solids. It 
is on the gases dissolved in tlie water that all aquatic 
plants and animals live. 

24. Various kinds of Natural Waters. — Owing to 
its solvent pow^ers, water is never found in nature in a state 
of purity. Hain -water, collected after long-continued 
wet weather, comes nearest to it ; but even this always 
contains small quantities of atmospheric air, and the gases 
floating in the air. 

Spring' water always contains more or less of saline 
matter, which it has dissolved from the soil. The salts 
most frequently found in it are common salt, calcic car- 
bonate and sulphate (carbonate and sulphate of lime), 
and magnesic carbonate and sulphate (carbonate and 
sulphate of magnesia). Most spring vi'ater contains car- 
bonic acid, to which it owes its sprightly taste. 

Mineral -waters are waters which contain an unusually 
large proportion of any of the salts just named, or of other 
and rarer substances. In many cases they have medicinal 
qualities, which vary with the salts held in solution. 
They sometimes contain salts of iron, and are then called 
chalybeate springs. In other instances, carbonic acid is 
so abundant as to give them an effervescent character. 
Less frequently sulphur is the chief ingredient, giving the 
water a nauseous taste and smell. 

Water is familiarly called hard or soft, according to its 
action on soap. Hard waters contain salts of calcium or 
magnesium, which cause the soap to curdle, that is, to 
become insoluble. Soft waters do not contain these salts, 
and dissolve the soap witliout difficulty. Many hard 
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waters become soft by boiling, the salts held in solution 
being deposited, as a _fur or crust, on tlie inside of tlic 
boiler. 

Sea -water contains a large amount of common salt and 
of magnesic chloride (chloride of magnesium), to which 
it owes its saline, bitter taste. Smaller quantities of many 
other salts are found in it. All this matter has been 
washed out of the soil by the rivers which flow into the 
sea. It remains in the sea, since the water which evap- 
orates from tlie surface is almost perfectly pure ; but the 
surplus is continually taken up by marine plants and ani- 
mals, so that the sea becomes no Salter. 

25, Water in Plants and Animals. — Water consti- 
tutes the greater part of all plants and animals. The 
human body is four-fifths water. In many of the louver 
animals the proportion is much greater. From a sun-fish 
weighing 30 pounds, only 240 grains of sohd matter were 
obtained ; so that water makes up about .999 of the 
weight of such animals. TJie vegetable substances which 
we use for food contain almost as large a percentage 
of water. In potatoes, the fraction is .75 ; in apples, 
.80 ; in turnips, .90 ; in watermelons, .94 ; and in cucum- 
bers, .97. 

26. Water of Crystallization. — Many salts, in crys- 
tallizing from their solutions, unite with a definite quantity 
of water, which is then called tuater of crystallization. 
If tlie salt be heated, the water is driven off", and the crys- 
tals fall to pieces; but the chemical properties of the sub- 
stance are not altered. Many salts part with this water 
by mere exposure to the air, and efloresce; that is, 
crumble into white powder. Sodic carbonate (carbonate 
of soda) is an efflorescent salt. Otlicr salts, on the con- 
trary, like potassic carbonate (carbonate of potash), ab- 
sorb water from the air, and become moist, or even dis- 
solve ; in which case they are said to deliquesce. 
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37. Uses of Water. — -" On the uses of water it js almost 
needless to enlarge, for they are universally felt and ap- 
preciated. In each of its three physical conditions, the 
blessings which it confers on man are inestimable. As 
ice, it furnishes in northern lands, for months together, a 
solid bridge of communication between distant places : in 
the liquid condition, it is absolutely necessary to the ex- 
istence of vegetable and animal life ; in this shape, too, 
it ftirnishes to man a continual source of power in the 
flow^ of streams and rivers ; it supplies one of the most 
convenient channels of communication between places 
widely separated ; and further, it is the storehouse of 
countless myriads of creatures fitted for use as food : in 
the state of vapor, as applied in the steam-engine, it has 
furnished a power which has, in late years, done more 
than any other physical agent to advance civilization, to 
economize time, and to ameliorate the social condition of 
men. In each and all of these points, if rightly consid- 
ered, we must perceive the entire adaptation of this com- 
pound to the ends w^hich it was designed by the Creator 
to fill. 

" Glancing at the physical condition of our planet, we 
cannot fail to be impressed with the important etiects pro- 
duced by the movements of water at periods anterior to 
the existence of man, as well as in more recent times. 
To such causes must we refer the formation of sedimen- 
tary rocks, and their arrangement in successive strata 
upon the surface of the eartli : even now, observation 
shows that denudation is proceeding at some points, ele- 
vation and fiUing-up at others ; whilst the accumulation 
of drift, and a variety of other extensive geological 
changes, must be traced to the same ever-acting and 
widely-operating agency. 

" It may further be observed, that there is no form of 
matter which contributes so lai^ly as water to the beauty 
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and variety of the globe which we inhabit. In its solid 
state, we are familiar with it, in the form of blocks of ice, 
of sleet and hail, of hoar-frost fringing every shrub and 
blade of grass, or of snow protecting the tender plant, as 
with a fleecy mantle, from the piercing frosts of winter. 
The rare but splendid spectacles of mock suns, or far- 
helia^ are due to the refractive po^ver of floating spicule 
of ice upon the sun's rays. In its liquid condition, as rain 
or dew, it bathes the soil ; and the personal experience 
of all will testify to the charm which the waterfall, 
the rivulet, the stream, or the lake, adds to the beauty 
of the landscape ; whilst few can behold unmoved 
the unbounded expanse of ocean, w^hich, whether mo- 
tionless, or heaving with the gently undulating tide, or 
when lashed into fury by the storm which sweeps over its 
surface, seems to remind man of his own insignificance, 
and of the power of Him who alone can lift up or quell 
its roaring waves. In vapor, how much variety is added 
to the view by tlie mist or the cloud, w^hich, by their 
ever-changing shadows, diversify, at every movement, the 
landscape over which they are flitting ; whilst the gor- 
geous hues of tlie clouds around the setting sun, and 
the glowing tints of the rainbow, are due to the re- 
fractive action of water and watery vapor upon the solar 

NITROGEN. 

aS. Preparation of Nitrogen, — Pure nitrogen may 
be readily prepared by passing a stream of chlorine gas 
through strong aqua ammonia. It is well to pass the 
nitrogen through a ■wash-hottle, to remove the white 
fumes, which, as we have seen (3), are a compound of 
hydrogen and nitrogen. The apparatus used is shown in 

* Miller's Elements of Chemistry, Part II. pp. 35, 36. 
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Figure I 
left; the 



The chlorine is generated in the flask at the 
put in the next bottle ; and the nitro- 




gen is washed in the third bottle, bybeing made to bubble 
up through water. 

29. Properties of Nitrogen. — '^I'cco^tt.n is a colorless 
gas, and is a little lighter than air. Its chief characteris- 
tic is its inertness. We have already seen (3) that it 
neither burns nor allows a taper to burn in it. 

30. Nitric Oxide. — Put some bits of copper into a 
bottle (Figure 11), and add aquafortis or nitric acid. A 
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reddish gas fills the upper part of the bottle, and passes 
off through the tube. When collected over water, it is 
colorless. The red color was owing to impurities, which 
have been absorbed by the water. 

Invert a jar of this gas over a piece of well-lighted 
phosphorus, and the latter bums almost as brilliantly as 
in oxygen, filling the jar with white fumes oi phosphoric 
anhydride (^phosphoric acid.) The experiment proves 
the presence of oxygen in the gas in which the phosphorus 
was burned. 

Pass a mixture of equal parts of this same gas and 
hydrogen through a tube containing some heated platin- 
ized asbestos, and hold a piece of moistened red litmus- 
paper at the mouth of the tube. The paper is turned 
blue, showing that ammonia has been produced ; for am- 
monia is the only gas that turns red litmus-paper blue. 
We have seen (3) that ammonia is a compound of hy- 
drogen and nitrogen ; therefore there must have been 
nitrogen in the gas mixed with the hydrogen. 

The gas is, in fact, a compound of nitrogen and oxygen, 
and is called nitric oxide {deutoxide or binoxide of nitro- 
gen), and its symbol is NO. 

31. Catalysis. — In the above experiment the platin- 
ized asbestos remains wholly unchanged. By its mere 
presence, it has made the hydrogen unite w^ith the ele- 
ments of the gas mixed with it. This remarkable action 
by mere presence is called catalysis. It occurs in many 
other cases, but is very imperfectly understood. 

32. Nascent State. — Nitrogen, as we have seen, is a 
very inert substance. Indeed, it can be made to com- 
bine directly with scarcely any element. In the above 
experiment, the hydrogen first seizes upon the oxygen, 
forming water, and sets the nitrogen free. At the mo- 
ment when it is thus set free it has an increased activity, 
and readily unites with the hydrogen to form ammonia, 
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It is found generally true that elements are unusually 
active when just liberated from compounds. They are 
then said to be in the nascent state, 

33, Nitrous Anhydride. — If a jar of oxygen be in- 
verted over a jar of nitric oxide, the gases, on mixing, 
become of a bright cherry-red color. The compound 
formed differs from nitric oxide only in containing more 
oxygen. It is called nitrous anhydride {nitrous acid), 
and its formula is N^Oj. 

34. Nitric Peroxide and Nitric Anhydride. — It is 
possible to form two higher oxides of nitrogen, NOj, 
nitric feroxide, and N^Oj, nitric anhydride. 

The former, at a temperature below 70°, ia an orange- 
colored liquid ; and the latter is a white solid, which 
eagerly unites with water, forming the well-ltnown aqua- 
fortis, or nitric acid, HNO5, The reaction between 
nitric anhydride and water is shown by tlie following 
equation : — 

i (H,0 + N,0,) = HNO3. 

35. Nitric Acid. — Nitric acid is a strongly iuming 
liquid, colorless when pure, but usually yellowish from 
the presence of some of the lower oxides of nitrogen. 
It is one of the most corrosive substances known, and 
rapidly destroys all animal substances. When diluted, it 
stains the skin, wool, feathers, and the like, a bright yel- 
low color, and is often used as a permanent yellow dye 
for silk and woollen goods. It acts violently upon tin and 
iron filings, especially when tliey are moistened with 
water. Indeed it attacks all the ordinary metals, except 
gold and platinum. Its action upon tliem, however, is 
more energetic when it is somewhat dilute. 

The action of nitric acid upon the metals is owing to 
the readiness with which it parts with some of its oxy- 
gen. It first oxidizes them, and then acts upon these 
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basic oxides {16), to form salts (17). During this pro- 
cess, tlie lower oxides of nitrogen are always given off, as 
is indicated by the appearance of red fumes. 

Nitric acid may be made on a small scale by heating 
potassic nitrate (saltpetre), in a retort with sulphuric 
acid (oil of vitriol). The nitric acid distils over, and is 
collected in a receiver. The re-action is as follows : — 

2KN0e + H,SO. — K,SO, + sHNOj. 

The hydrogen and the potassium change places, giving 
rise to potassic sulphate (sulphate of potash) and nitric 
acid. 

On the large scale, iron retorts, coated ■with fire-clay on 
the inside of the upper part, where tliey are exposed to 
the acid vapors, are employed for the distillation, and 
sodic nitrate (soda saltpetre) is substituted for potassic 
nitrate, as it is a cheaper salt, and likewise yields 9 per 
cent more nitric acid than potassic nitrate, 

36. Nitrous Oxide. — A iifth oxide of nitrogen is ob- 
tained by gently heating ammonic nitrate (nitrate of ain- 
monia). It is called nitrous oxide^ and its symbol is N^O. 
The reaction is shown by the following equation ; — 
(H^N)NOa = 2Hp -\- Nfi. 

The ammonic nitrate, (HjN)NOg, breaks up into water 
and nitrous oxide. 

NjO is a colorless gas, and readily gives up its oxygen. 
Phosphorus burns in it as brilliantly as in pure oxygen. 
A splint of wpod with a spark on the end of it bursts into 
flame ^vhen plunged into the gas. When inhaled, it has 
a peculiarly exhilarating effect, and hence is called laugh- 
ing gas. It is used by dentists as an anesthetic, since it 
makes the patient for tlie time insensible to pain. Great 
care must be taken that the gas when inhaled is perfectly 
pure. 
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37. Ammonia. — We have seen (3) that ammonia is a 
compound of hydrogen and nitrogen. It is a colorless 
gas, which is greedily absorbed by water, forming the 
ordinary aqua ammonia. The eagerness with which it 
is taken up by water may be shown by filling a jar with 
the gas and opening it underwater. The gas is instantly 
absorbed, and the water rushes in and fills the bottle. At 
a temperature of 32°, water will absorb more tlian one 
thousand times its bulk of ammonia. 

Ammonia takes its name from the fact tliat it was first 

obtained from a salt found in Libya, near the temple of 

f^E. 'i- Jupiter Ammon. It 

is now prepared from 

the same salt, sal-am- 




chloride, which is 
made in large quan- 
tities from the waste 
liquor of gas-works. 
The sal-ammoniac is 
powdered and mixed 
with lime, and tlie 
mixture is heated in 
a flask arranged as 
shown in Figure is. 
The gas is washed by passing it through a wash-bottle, 
and is then conducted into water. 

38. Ammonium. — The symbol of ammonic chloride 
is (HjN)Ci; that of ammonic nitrate is (H,N)N05. 
If we compare these with the symbols, of the potassic 
chloride and nitrate, KCl and KNOj, we shall see that 
the group of atoms H^N plays the same part in the com- 
pounds as the metal potassium ; and this is the case in 
a large class of salts. Hence this group of atoms has 
come to be considered as a metal, and has received the 
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name of ammonium. It has not, however, been obtained 
in a separate form, since it at once breaks up into ammo- 
nia, HjN, and hydrogen. 

39. Cyanogen. — When carbon and nitrogen are heated 
together in the presence of potash, a remarkable com- 
pound called potassic cyanide {cyanide of potassium), 
KCN, is formed. From this a large number of substances 
can be prepared, all of which contain the group of atoms 
CN. To this group the name cyanogen (blue-maker) is 
given, from its forming a number of blue compounds. It 
is remarkable as entering into composition exactly like a 
non-metallic element. It can be obtained in a free state 
as a colorless gas by heating mercuric cyanide (cyanide 
of mercury.) It forms witli hydrogen an acid, HCN, 
analogous to muriatic acid, HCl. This acid is called 
hydrocyanic or prussic acid. 

The most important of the blue compounds of cyano- 
gen is Prussian blue, which may be formed by mixing 
a solution of either the red or the yellow prussiate of 
potash with a solution of green vitriol. 

Groups of atoms, like HjN and CN, which play the 
part of elements, are called radicals. 

40. The Characteristics of Nitrogen. — The most 
marked features of nitrogen are its inertness (39) ; the 
indirect -way in which it enters into combination; and 
the great variety, the remarkable nature, and the insta- 
bility of its compounds. 

The great variety of its compounds is shown in the 
five which it forms with oxygen : — ■ 

Nitrous oxide, N^O. 

Nitric oxide, NO. 

Nitrous anhydride, N^Og, 
Nitric peroxide, NO^. 
Nitric anhydride, NgO,. 
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These compounds, as we have seen, are widely unlike in 
tlieir propel ties ; but in comfosition they difler only in the 
amount of oxygen which they contain. 

The remarkable nature of the compounds is illustrated 
by ammonium and cyanogen, one of which acts like a 
metallic and the other as a non-metallic element. 

The instability of the compounds is seen in the readi- 
ness with which the oxides give up their oxygen. Nitric 
iodide (iodide of nitrogen'), which maybe prepared by 
the action of ammonia on iodine, is so unstable that it 
explodes even -when touched with a feather. Nitric 
chloride {chloride of nitrogen) is even more explosive, 
and Is one of the most dangerous compounds known. 

CARBON. 

41. Properties of Carbon. — Carbon differs from the 
elements already described in being a solid when in a 
free state. It exists in three forms, which in outward 
appearance have nothing in common, but which are 
identical in their chemical relations. These three allo- 
trofic forms are diamond, graphite or plumbago, and 
charcoal. These differ in hardness, color, specific grav- 
ity, and tlie like ; but when burnt in oxygen, tlie same 
weight of each produces the same weight of carbonic 

The diamond was first found to be pure carbon by 
Lavoisier in 1775-76- It occurs crystallized in certain 
rocks and gravels in India, Borneo, and Brazil. It is the 
hardest of all known bodies ; and when cut, has a brilliant 
lustre and a high refractive power. 

Graphite, plumbago, or black lead, is the substance 
used in tlie manufacture of the so-called " lead pencils." 
Aitliough very brittle, its particles are very hard, so that 
a saw or other instrument used in cutting it is soon 
dulled. Mixed with oil it is extensively used to diminish 



loy Google 



COMPOUNDS AND ELEMENTS. 



29 



the friction of machinery. It is the basis of mcst kinds 
of siove-poUsh-, and of certain paints used to protect iron- 
work. It is also made into crucibles, which, on account 
of tlieir infusibility, are much prized by tlie chemist. 
Carbon, in all its forms, is tlie most infusible substance 
known. Its infusibility and its allotropic states are its 
chief characteristics. 

42, Carbonic Anhydride {Carbonic Acid). — The 
most important compound of carbon is CO,, carbonic 
anhydride, commonly called carbonic acid. This gas is 
readily prepared by the action of dilute muriatic acid on 




chalk 


or marble 


(Figure 


■3>- 


The 


reaction i 




CaCO 


+ 


aHCl = 


CaCl 


+ H,0 + CO 



CaCOg, calcic carbonate (chalk, or marble), is broken 
up by the action of the acid. The calcium combines 
with the chlorine of the acid, forming' calcic chloride 
{chloride of calcium)., CaCl^; one atom of the oxygen 
combines with tlie hydrogen of the acid, forming; water; 
and CO, is set free. 

We have already seen (n) that lime-water readily 
shows the presence of carbonic acid, by becoming milky 
white. The lime-water contains lime, CaO, which com- 
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bines with the carbonic acid, CO^, to form CaCOj 
again. 

If a liglitecl taper be plunged into a jar of carbonic 
acid, it goes out. We have seen tbat tbe same tiling 
talies place in nitrogen ; but the two gases can be distin- 
guished by tlie lime-water test. 

Carbonic acid is about 1.5 times as heavy as air, bo 
that, \vith an ordinary dipper, it can be dipped out from 
one jar and poured into another, like ■water. It is poi- 
sonous when breathed, even though mixed witli a large 
quantity of air, 

43. Carbonic Oxide. — Carbonic oxide, CO, is a gas 
formed when carbon burns with a limited supply of oxy- 
gen. It is often produced in an ordinary coal-tire, and is 
seen to burn with a pale blue flame. It is far more 
poisonous than carbonic acid. 

CO may be obtained pure from several compounds of 
carbon. Thus, if crystallized oxalic acid, C^H^O,, be 
heated with strong sulphuric acid, the latter ■withdraws 
from it one molecule of water, HjO, leaving C^Og, which 
at once splits up into CO and COj. The CO^ may be 
removed by passing the mixed gases through a solution 
of caustic soda. 

SULPHUR. 

44. Sources of Sulphur. — Sulphur occurs in nature 
botli free and combined : it is found free in certain vol- 
canic countries, especially in Sicily and Iceland ; it exists 
in combination ■with many metals, forming sulphides. 
These sulphides are the ores from which several of the 
metals are commonly obtained. Thus PbS, plumbic 
sulphide (galena), ZnS, zincic sulphide (zinc blende), 
and CuS, cupric sulphide (sulphide of copper), are the 
most productive ores of those metals. 

In order to obtain pure sulphur, the mineral, containing 
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the crude substance mixed with earthy impurities, is 
heated in earthen pots (Figure 13) ; the sulphur distils 
over in the form of vapor, which is condensed in similar 
pots placed outside the furnace. The sulphur thus ob- 
tained is relined or purified by a second distillation. 

If the vapor of sulphur is quickly cooled below its 
melting-point, it solidifies in a crystalline powder, called 
flowers of sulphur; just as watery vapor, when cooled 
below the freezing point of water, becomes snow. If 




sulphur is gently hL itn'. 11 im !:■-, n I m |■^ he cast mto 
sticks, and is then know n as hrimstone, or roll sulphur. 

45. Properties of Sulphur. — 'a\A'^\\\XT is a yellow 
solid, and exists in three allotropic forms (14). The 
first is that in which it crj-stallizes in nature. The other 
two are obtained bj' melting sulphur. If melted sulphur 
be allowed to cool slowly, it crystallizes in long, trans- 
parent needle-shaped crystals, which are quite different 
in form from the natural crystals, and have a specific 
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gravity of 1.98, w^hile the natural crystals have a specific 
gravity of ■2,.0'j. Tliese transparent crystals become 
opaque after an exposure of a few days to the air, owing 
to their breaking up into several crystals of the natural 
and permanent form. The third allotropic form of sul- 
phur is obtained by pouring melted sulphur at 450° into 
cold water. It tlien forms a soft, tenacious mass, resem- 
bling india-rubber, and has a specific gravity of 1.96. 
This form of sulphur is not permanent. In a few hours 
it returns to its ordinary brittle state. These peculiar 
modifications are also apparent when sulphur is heated. 
It begins to melt at 339°, and forms an amber-colored 
limpid liquid; as tlie temperature rises, it begins to 
thicken, and to become dark-colored, so that at about 
450° it can scarcely be poured from the vessel ; heated 
still higher, it again becomes fluid, and remains as a dark 
thin liquid, till the temperature rises to 836°, when it be- 
gins to boil, and gives off" a red vapor. 

Sulphur is an inflammable substance, and when heated 
in the air or oxygen burns with a bluish flame, and with 
the suflbcating odor so well known in the burning of a 
common lucifer match. It is insoluble in water and in 
most liquids, but dissolves In carbonic bisulphide (50). 

46. Sulphurous Anhydride (^Sulphurous Acid). — ■ 
This compound, SOj, as we have seen (11), is formed 
when sulphur is burned in oxygen, or in the air, which is 
a mixture of oxygen and other gases. The suffocating 
odor which we perceive when a common friction match 
is hghted is caused by SO^. 

The most important property of SO^ is its power of 
bleaching silk, woollen, straw, etc. It is largely used for 
tliis purpose in the arts. 

This property may be illustrated by holding a red rose 
or other flower in a jar of SOg. The flow^er quickly 
loses its color. 
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47. Sulphuric Acid. — Sulphuric acid, or oil of vit- 
riol, is the most important and most powerful of all the 
acids. It has a very strong attraction for water, and 
when the two are mixed, intense heat is developed. 
Hence caution is necessary in mixing them, especially in 
thick glass vessels. The acid should always be poured 
into the water, not the water into the acid. It rapidly 
chars all organic matter, and ia a valuable diying agent- 
Sulphuric acid was first prepared by distilling green 
vitriol^ or ferrous sulphate-, whence its name, oil of 
vitriol. In this form it is sometimes known as Nord- 
hausen acid, from the name of the city in Saxony where 
it was first manufactured. It is a fuming liquid, denser 
tlian the ordinary acid, and is a mixture of this acid with 
the sulphuric anhydride. 

This method has long been superseded by a more con- 
venient one, ■which depends upon the fiict that, tliough 
SOj does not combine with free oxygen and water to 
form sulpliuric acid, it is capable of taking up the oxy- 
gen when the latter is united w^ith nitrogen in the fonn 
of nitrous anhydride, N^Oj. Thus : — ■ 

SO, + 11,0 + NPs = il^SO, + zNO. 
Sulphurous anhydride, water, and nitrous anhydride, 
yield sulphuric acid and nitric oxide. 

The NO formed in this decomposition takes up an- 
other atom of oxygen from the air, becoming N^Oj, and 
this is again able to convert a second molecule of SO,, 
with water, H^O, into sulphuric acid, H^SO^ ; being a 
second time reduced to NO, and ready again to take up an- 
other atom of oxygen from the air. Hence it is clear that 
tlie NO acts simply as a carrier of oxygen between the air 
and the SO5 ; and a very small quantity of it is therefore 
able to convert a very lai^e quantity of sulphurous an- 
hydride, water, and nitrous anhydride, into sulphuric acid. 
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This process is conducted on a large scale in chambers 
made of sheet-lead, which are often of a capacity of 
50,000 or 100,000 cubic feet. The sulphurous anhydride 
is obtained either by burning sulphur in a current of air, 
or by roasting a mineral called iron pyrites (feme bi- 
sulphide, FeSJ, and is led, togetlier with air, into the 
chamber. The N^Og is got from sodic nitrate (soda salt- 
petre), which is decomposed either by the heat of the 
burning sulphur, or in a separate ftiniace. Jets of steam 
are also blown into the chamber, and a thorough draft is 
maintained by a high chimney. The sulphuric acid, as 
it forms, falls to the floor of the chamber, whence it is 
continually drawn off. It is then heated, first in open 
leaden pans, and then Jn vessels of glass or platinum (as 
lead is attacked by the strong acid), until tlie excess of 
water is driven off, and a sufficiently concentrated acid is 
obtained. 

So extensively is this acid used, tliat tlie quantity 
manufactured in South Lancasliire (England) alone ex- 
ceeds 3,000 tons a ^veek. 

This method of making sulphuiic acid may be illus- 
trated, on a small scale, by dipping a shaving or cloth in 
nitric acid, and then holding it in a jar of sulphurous 
anhydride, with a little ivater at the bottom of the jar. 
Red fumes at once appear, which show that the nitric 
acid has lost some of its oxygen, having given it up to 
the SO3, which tlius becomes SOj. If the experiment be 
repeated a number of times, tlie water at the bottom of 
the jar will be found to contain sulphuric acid. 

48. Sulphuric Anhydride. — If fuming Nordhausen 
acid be gently heated in a glass retort, which is con- 
nected w^ith a receiver, kept cool by ice, white ftimes 
will pass over and solidify into a ■white silky fibrous 
mass. This solid is sulphuric anhydride. It has no 
acid properties, and can be moulded in tlie fingers with- 
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out charring the skin. When thrown on water, the heat 
emitted is so intense that it hisses like red-hot iron. 

49. Hydric Sulphide, Sulphuretted Hydrogen, or 
Hydrosulphuric Acid. — Sulphur combines with hydro- 
gen, forming hydric sulphide, HjS, a compound analo- 
gous in composition to water. It is a gas of a very 
offensive odoi", and very poisonous. It reddens litmus- 
paper, and is therefore an acid. It is best prepared by 
tlie action of dilute sulphuric acid on ferrous sulphide, 
FeS. Thus J — 

FeS + H,SO, = n,S 4- FeSO,. 

The hydrogen and the iron change places, forming 
hydric sulphide and ferrous sulphate (sulphate of iron, 
or green vitriol). 

This gas is an invaluable agent in chemical analysis. 

50. Carbonic Bisulphide. — If the vapor of sulphur 
be passed over red-hot charcoal, a volatile compound, 
CSj, is formed. It is seen to be analogous to carbonic 
acid, COj. It is a very inflammable, colorless liquid, of 
an oflensive odor, and is called carbonic bisulphide (or 
bisulphide of carbon). It is of great importance in the 
arts, since it dissolves gums, caoutchouc, sulphur, and 
phosphorus. 

51. TJie Oxygen Group. — The two compounds, H^S 
and CSa, are analogous in composition to H^O and CO^, 
and it is true in general that for every oxide there is a 
corresponding sulphide. Thus we have K^O, potassic 
oxide (jpoiassa)., and K^S, potassic sulphide {sulphide 
of potassium); BaO, baric oxide (baryta), and BaS, 
iaric sulphide (sulphide of barium) ; AI^Oj, aluminic 
oxide (alumina), and Al,Sj, aluminic sulphide (sul- 
phide of alutninium) ; and so on. 

Oxygen and sulphur, then, belong to the same group 
of elements, which may be called tlie oxygen group. To 
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this group also belong the rare elements, selenium and 
tellurium. 

It will be noticed that the atomic weight of sulphur, 
32, is just douhle that of oxygen. 



CHLORINE. 

52. Preparation of Chlorine. — Chlorine, as we have 
already seen (1), is prepared by heating a mixture of 
muriatic acid and black oxide of manganese, MnOj. 
The reaction is shown in the following equation ; — ■ 

MnO, + 4HCI = MnCl, ■+■ lYLp + aCi. 
The hydrogen of the HCl combines with the oxygen of 
the MnOa, forming two molecules of water, sH^O. 
Half the chlorine of tlie HCl unites w^ith the manganese, 
to form manganic chloride (chloride of manganese')., 
MnClj, and the other half is set free, 

53. Properties of Chlorine. — Chlorine was dis- 
covered by Scheele in I774- It does not occur free in 
nature, but is found combined with metals, forming 
chlorides, of which rock-salt is tlie most common. 
Chlorine is, as we have seen, a greenish-yellow gas of a 
most disagreeable and irritating odor. It is very poison- 
ous when inhaled in any considerable quantity. It is a 
very heavy gas, being nearly 3.5 times as heavy as air. 
Chlorine has a very strong affinity for the metals. If 
these in a finely divided state are brought into contact 
with it, they take fire spontaneously, giving rise to me- 
tallic chlorides. It has so strong an affinity for phos- 
phorus, that this element will take fire spontaneously 
when put into a jar of chlorine. But the most remark- 
able property of chlorine is its power of combining with 
hydrogen to form muriatic acid. When these gases are 
mixed in equal volumes, they combine with an explosion 
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on applying a lighted taper to them, or on. exposing them 
to the sunlight. This property of chlorine has already 
been illustrated in tlie decomposition of water and am- 
moni. (z, 3). 

Another remarkable property of chlorine is its Bleach- 
ing power, which depends on its ability to decompose 
water. We may enclose a piece of cotton cloth colored 
with a vegetable substance in a bottle of dry chlorine, 
and no change of color takes place, even after many 
weeks. If, how^ever, a few drops of water are added, 
the cotton is at once bleached. The chlorine combines 
with the hydrogen of the water, and the oxygen, at the 
moment of its liberation, when it is in the nascent state 
(32), combines with the coloring matters, forming color- 
less compounds. Ordinary free oxygen has not this 
power, at least to any great extent. 

54. Chloride of Lime, or Bleaching Potvder. — Since 
chlorine destroys all oi'ganic colors (that is all colors de- 
rived from tlie vegetable and animal kingdoms) it is very 
extensively used in bleaching cotton and linen goods and 
paper. Cotton fabrics may no'w be rendered perfectly 
white in a few ho s whle b^ the old m ;thod of lay- 
ing them on tl e griss in the sun it requ red weeks, and 
even months to effect it It was necessary, moreover, 
to ha^ e meadow land suitably s tuated tor the bleaching ; 
hence m st ot the cloth manufii„tured in England was 
carried to Hulhn 1 to be bleached Besides tlie dimin- 
ished expense the cotton •'tufls bleached Aiith chlorine 
suffer le'is miury in the hands of skilful workmen tlian 
those bleached in the sun 

The healtJi of the workmen is greatlj endangered by 
the use of chlorine in the gaseous state hut it has been 
found th t the gis is read Iv abs rbe 1 1 > slaked lime, 
and is as lead U gnen uj *gan w! e ti e 1 no is treated 
with dilute acid 
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When tlius combined with lime, the chlorine can be 
easily transported. The compound is called chloride of 
lime, or bleaching ponvder. 

This powder is made on a large scale by conducting 
chlorine into spacious chamhers, on the floor of which 
slaked lime is spread to the depth of two inches. 

In bleaching, the goods are first dipped Into a solution 
of the bleaching powder, and then passed through dilute 
acid. The chlorine is thus set free in the fibres of the 
cloth, where it docs its work of bleaching without injury 
to the workmen. 

Chloride of lime is also largely used as a disinfectant. 
The chlorine acts upon oi^anic odors in the same way 
as upon organic colors ; tliat is, it oxidizes and destroys 

55- Hydric Chloride {^Hydrochloric Acid). — Hydric 
chloride or hydrochloric acid is a colorless gas, some- 
what heavier than air, and is very soluble in water. This 
solution is the ordinary muriatic acid of the shops. It 
may be easily prepared, by placing in a capacious retort 
3 parts of fused sodic chloride (chloride of sodium, or com- 
mon salt) in fragments, and adding slowly, through a bent 
funnel, 3 parts of oil of vitriol. If pounded salt be used, 
the action of the acid is apt to be too rapid. The retort 
is connected with a series of bottles ; in the first, a small 
quantity of water is placed, to detain any impurities 
which might be carried over mechanically witli the gas ; 
the second bottle may contain 4 parts of water, and 
should be immersed in a vessel of cold water, as the con- 
densation of the gas is attended with a great disengage- 
ment of heat. On applying a gentle heat to the retort, 
the acid comes over and is condensed ; an easily soluble 
sodic sulphate (sulphate of soda) remains in the retort. 
For manufacturing purposes, the decomposition is effected 
in iron cylinders, like those employed in the manufacture 
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of nitric acid, and only one half the quantity of sulphuric 
acid prescribed above is used : — 

2NaCl 4-HaS0,= 3HCI +Na2S04. 
Sodic sulphate, Na^SO^, remains in the cylinder, whilst 
the acid is condensed in a series of salt-glazed stone-ware 
jars. 

Enormous quantities of muriatic acid are obtained as an 
incidental product in the manufacture of soda-ash, which 
will be described farther on. More than looo tons are 
made every week at the soda-ash works in South Lan- 
cashire (England) alone. 

56. Hydracids. — Hydric chloride, HCl, and hydric 
sulphide, HjS, contain each but two elements, and no 
oxygen; while nitric acid, IINOg, and sulphuric acid, 
HgSO^, contain each tliree elements, one of which is 
oxygen. There are, then, two classes of acids : one con- 
tidning oxygen, and called oxyactds; and the other, 
containing no oxygen, called hydracids. 

57. Aqua Regia. — When muriatic acid is mixed witli 
nitric acid, it forms the so-called nitro-muriatic add. 
This acid was called aqua regia (royal water) by the 
alchemists, because it dissolves gold, the " king of 
metals." Both platinum and gold are insoluble in 
either acid separately ; but when the two acids are 
mixed, they decompose each other. Chlorine is set free, 
and in its nascent state (33) acts upon the metals, and 
dissolves them, 

58. Chlorine Oxyactds. — Chlorine has a very weak 
affinity for oxygen; but it forms four oxyacids: hypo- 
chlorous acid., HCIO ; chlorous acid, HClOj ; chloric 
acid, HCIO3 ; and hyferchloric or -perchloric acid, 
HCIO5. Of these, the hypochlorous and the chloric 
form some important salts. 
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BROMINE. 

59. Properties of Bromine. — Tills element, which 
closely resembles chlorine in its properties and com- 
pounds, was discovered by Balard, in 1836, in tlie salts 
obtained by the evaporation of sea-water. It does not 
occur free in nature, and is, like chlorine, found com- 
bined with sodium and magnesium as bromides in cer- 
tain mineral springs. 

Bromine is a dark, reddish-black, heavy liquid, being 
the only element, except mercury, that exists as a liquid 
at the ordinary temperature. Its specific gravity is 2.966, 
it freezes at — 9°, and boils at 145°- It has a very strong, 
irritating smell, resembling tliat of chlorine, and when 
inhaled, acts as a violent poison. It is quite soluble in 
water, and this solution bleaches, but more feebly than a 
solution of chlorine. Some of its salts are much used in 
medicine and in photography. 

IODINE. 

60. Properties of Iodine. — Iodine also occurs in sea- 
water, combined with sodium and magnesium. It was 
discovered in i8ia by Courtois. At the ordinaiy tem- 
perature it is a dark gray solid, with a bright metallic 
lustre. It has a specific gravity of 4.95 ; it melts at 225°, 
and boils at about 350'. Its vapor is of a beautiful deep 
violet color, and has a faint chlorine-like smell. Iodine 
does not possess such active qualities as either chlorine 
or bromine. Its solution does not bleach vegetable colors, 
and it is set free from its compounds by both the above 
elements. Free iodine forms with starch a remarkable 
compound of a rich blue color (12). Iodine acta as a 
violent poison ; but, given in small quantities, it Is much 
used as a medicine. Some of its salts also are used in 
medicine and in photography. 
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FLUORINE. 

61. Properties of Fluorine. — This element occurs 
combined witli the metal calcium, as calcic fluoride 
(fluoride of calcium) or Jluor-spar, It is remarkable as 
forming no compound wifli oxygen, and as being ex- 
tremely difiicult to prepare in a pure state. Many un- 
successful attempts have been made to obtain fluorine ; 
but, by the action of dry iodine upon dry argentic fluoride 
(fluoride of silver) , it appears to have been isolated ; and 
it is found to be a colorless gas. 

62. Hydric Fluoride, or Hydrofluoric Acid.-— ^"a&n 
calcic fluoride (fluor spar) is acted upon by sulphuric 
acid, a very coiTOsive gas is obtained, called hydric 

fluoride {hydrofluoric acid). The reaction is shown in 
the following equation: — 

H,SO^ + CaF, = CaSO, + sHF. 
The calcium and the hydrogen change places, forming 
calcic sulphate {sulphate of lime), CaSO^, and hydric 
fluoride. 

This acid must be prepared in vessels of lead or plat- 
inum, since it rapidly attacks glass. It acts violently 
upon the skin, producing painful sores, and the fumes 
are very poisonous to the lungs. It is used for etching 
on glass. The glass is flrst covered with wax, through 
which the design is traced with a sharp point. The 
glass is then exposed to the gas, which corrodes it where 
the wax has been removed. The solution of the gas In 
water is also used for the same purpose. 

63. The Chlorine Group. — The four elements just 
described form a well-marked group. They are espe- 
cially remarkable for their gradation of properties. Thus 
chlorine is a gas, bromine a liquid, and iodine a solid, at 
the ordinary temperature. Chlorine may be easily con- 
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densed into a liquid, and the specific gravity of liquid 
chlorine is i.33j of bromine 3.97, and of iodine 4-95. 
Liquid chlorine is transparent, bromine slightly so, and 
iodine opaque. The atomic weight and density of bro- 
mine are nearly tlie mean of those of chlorine and iodine, 

v^'-^ "*" .—L ^ 81.35 ' ^"^"^ '" '*^ general chemical de- 
portment bromine stands half-way between the other 
two elements. 

These elements all form pow^crful acids with hydrogen, 
and have a strong affinity for the metals. They all have 
a very weak affinity for osygen. 

PHOSPHORUS. 

64. Pro-periies of Phosphorus, — This element does 
not occur free in nature, but is found coinbincd with 
oxygen and calcium in large quantities in the bodies, 
especially the bones, of animals, and in the seeds of 
plants. Animals obtain their phosphorus from plants, 
plants from the soil, and tlie sol! from tlie slow disin- 
tegration of the oldest rocks. Phosphorus was acci- 
dentally discovered by Brande, in 1669; but Scheele, 
in 1 769, pointed ovit its existence in the bones, and 
carefully examined its properties. It is prepared from 
bones, and is used chiefly in the manufacture of lucifer 
matches. 

Phosphorus is a yellowish, semi-transparent solid, re- 
sembling wax. Its specific gravity is 1.83. It melts at 
III", and boils at 550°. In tire air it gives off white 
fumes, and emits a pale light in the dark, whence its 
name, which means light-bearer. While emitting this 
light, it appears to he undergoing a slow burning. At a 
temperature a little above its melting-point, phosphorus 
takes fire in the air, and bums witli great energy. It 
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may be set on fire by slight friction, by a blow, and even 
by the heat of the hand. Hence it should be handlec! 
with great care, and always be cut under water. Phos- 
phorus has several well-marked allotropic states, the 
most important of which is that known as red -phos' 
fhorus. This is much less inflammable tlian ordinary 
phosphorus, and is not poisonous, 

^. Confounds of P,5o,f/:§o/-M5. — Phosphorus com- 
bines with oxygen, to form several acids, the most im- 
portant of which are known as kyfopkospkorous acid 
and phosphoric acid. From the former are derived salts 
{kypophosphztes), used in medicine ; while the latter fur- 
nishes a large class of salts (^phosphates and superpkos- 
phaies')y -Which are valuable to the farmer as fertilizers. 
Phosphorus unites vrith hydrogen, to form kydric phos- 
phide (phosphuretted hydrogen), H3P, a poisonous gas, 
with a very offensive odor. When tliis gas is prepared 
by the action of caustic potash on phosphorus, each 
bubble of the gas takes fire as it comes into contact with 
the air, forming beautiful rings of phosphoric anhydride 
(phosphoric acid), which expand as they rise. This 
spontaneous combustion is owing to the presence of a 
small quantity of a liquid compound of phosphorus and 
hydrogen, whose symbol is H^P- Pure phosphuretted 
hydrogen does not take fire in this way. 

ARSENIC. 

66. Properties of Arsenic. — Arsenic closely resem- 
bles phosphorus and nitrogen in its chemical properties, 
and in those of its compounds, and is therefore to be 
counted as a non-metallic element. In physical features, 
such as specific gravity and lustre, it bears a greater 
resemblance to the metals, with which it was formerly 
classed. (SeCjinAppendix, Chanical Philosophy.,% 19.) 
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Arsenic is sometimes found in a free state, but more 
often combined, chiefly with iron, nickel, cobalt, and 
sulpliur. One of the compounds of this element ■with 
oxygen, As^Oj, is the well-ltnown poison, ivhite arsenic. 
€>']. The Nitrogen Group. — Nitrogen, phosphorus, 
and arsenic form a well-marked group. They all form 
similar compounds with oxygen and with hydrogen. 
Thus we have H^N (ammonia), HjP (phosphu retted 
hydrogen), and H^As (hydric arsenide) ; N^Oj (nitrous 
anhydride), N^O^ (nitric anhydride), P5O3 (phosphorous 
anhydride), P^Og (phosphoric anhydride), and As^Og 
(arsenious anhydride), As^Og (arsenic anhydride), 

BORON. 

68. Prof erties of Boron. — Boron is found in nature 
combined with oxygen as boracic acid., and with oxygen 
and sodium as iorax. In certain volcanic districts in 
Tuscany, jets of steam and gas are continually escaping 
from the earth. These steam-jets contain small quan- 
tities of boracic acid, which collects in artificial basins 
formed for the purpose at the mouth of the jet. By 
means of the heat of natural steam-jets, this solution of 
boracic acid is concentrated and crystallized. About 
a,ooo tons of crude acid are thus prepared and exported 
from Tuscany every year. 

Boron is remarkable as combining directly with nitro- 
gen at a high temperature. 

SILICON. 

69, Properties of Silicon. — Next to oxygen, silicon 
is the most abundant element known. It does not, how- 
ever, occur in a free state, but always combined with 
oxygen (for which it has a very strong affinity) as silica. 
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Silica is found nearly pure in quartz, flint, sand, and in 
several minerals, and combined witii metals in almost all 
known rocks. Its symbol is SiOj. 

Silicon can be obtained in three modifications, corre- 
sponding to tlie three states of carbon. 

70, The Carbon Group. — Carbon and silicon, then, 
form a ^vell-iriarked group, resembling each other closely 
in their allotropic states, 

SUMMARY. 

Chemistry divides substances into two classes : — 

ist, Elements, or substances which cannot be decom- 
posed by any known process. Of these only 65 are 
known, 

2d, Compounds, or substances made up of elements. 

The force which causes elements to combine, and 
holds them in combination, Is called Affinity. 

Affinity changes the properties of the substances 
■!vkich it combines. 

Affinity always causes substances to combine in fixed 
and definite quantities. This law of combination is 
called tlie Law of Definite Proportions. 

A given element combines 'with some elements in 
preference to others. 

Matter is made up of molecules; and molecules are 
made up of atoms. 

The compounds of nitrogen and oxygen show that the 
same elements may combine in more tlian one propor- 
tion, and that in such cases the proportions of the ele- 
ments in the compounds are always multiples of the 
atomic weights of the elements. This law of combination 
is known as the Laiv of Multiple Proportions. 

The symbol of an element is usually the first letter of 
its name, a second letter being added to distinguish 
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names beginning with the same letter, Tlie symbol of 
an element always stands for one atom of the element. 

The symbol of a compound indicates its composition. 
It is formed by writing together the symbols of the ele- 
ments of the compound, w^ith a small figure after each 
symbol expressing tlie number of atoms of tliat element 
found in a molecule of the compound. The symbol 
of a compound always stands for one molecule of the 
compound. 

The chemical changes, or reactions^ which substances 
undergo, are indicated by equations made up of these 
symbols. 

The compounds of oxygen with the elements are called 
oxides. These oxides are either acid, neutral, or basic. 
The oxides of the non-metallic elements are generally 
acid i those of the metallic elements are generally basic. 

The acid oxides combined with water form acids. 

The basic oxides combined with water form bases. 

When a metal takes the place of die hydrogen of the 
acid, the compound is called a sail. 

A hydracid is made up of hydrogen and a non-metallic 
element. 

The names of binary salts take the ending -ide; those 
oi ternary salts, the endings -a^e oT-ite, according as the 
name of the acid ends in 'ic or -ous. 

In general, the name of a binary compound takes the 
ending -ide. 

Oxygen is the most abundant element, and is usually 
prepared from potassic chlorate. It has a wider range 
of affinities than any other element. 

Ozone is an allotropic form of oxygen, and is more 
active than ordinary oxygen. 

Hydrogen is the lightest element, and is usually ob- 
tained by the action of zinc on dilute sulphuric acid. Its 
most important compound is tvater. 
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Nitrogen ia one of the most inert of elements. It is 
remarlsable for tlie indirect way in which it enters into 
combination, and for the variety and tlie nature of its 
compounds. 

Carbon is an infusible solid, and has three allotropic 
states. 

Szdphur is an inflammable solid, forming sulphides 
which in their composition resemble oxides. It has 
several remarkable alloti-opic states. 

Chlorine is most readily prepared by the action of 
black oxide of manganese on muriatic acid. It is distin- 
guished by its color, its odor, and its affinity for hydrogen 
and the metals. Its bleaching and disinfecting power is 
due to its strong affinity for hydrogen. 

Bromine, iodine, &Tt& fluorine are elements closely re- 
sembling chlorine in their chemical properties. 

Phosphorus is a very inflammable substance, and is 
mainly used for making lucifer matches. It is obtained 
from bones. 

Phosphorus and arsenic resemble nitrogen in the com- 
pounds which they form. 

Silicon resembles carbon in its allotropic states. 

Boron combines directly with nitrogen at a high tem- 
perature. 

Nitric acid is remarkable for its oxidizing power. 

Sulphuric acid is the strongest of acids, and is re- 
markable for its affinity for water. 

Sulphurous acid is a bleaching agent. 

Nitrous oxide is used as an anesthetic. 

Carbonic acid is a heavy gas, and is most readily pre- 
pared by the action of muriatic acid on marble. 

The most important non-metallic sulphides are hydric 
sulphide and carbonic bisulphide. 

The most important of tlie non-metallic chlorides is 
muriatic acid. 
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Cyanogen is a remarkable compound of nitrogen 
and carbon, and plays the part of a non-metallic 
element. 

Ammonium is a remarkable compound of nitrogen and 
hydrogen, and plays the part of a metal. 

Ammonia, although it is not an oxide, has very pow- 
erliil basic properties. It is known as the volatile alkali, 
and ia extensively used in the arts. 
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GENERAL PROPERTIES OF THE METALS. 

71. Physical Properties of the Metals. — The metals 
differ widely from one another, both in their pliysical and 
chemical properties. Those metals which arc lightest 
have the greatest affinity for oxygen, ivhilst the heavier 
metals are oxidized with difficidty. 

The following Table gives the specific gravities of the 



most important 


metals : — 






Iridium 


21.8 


Iron 


7.8 


Platinum 


21.5 


Tin 


7-3 


Gold 


19-3 


Zinc 


7-1 


Mercury 


•3-59^ 


Antimony * 


6.7 


Lead 


II-3 


Chromium 


5-9 


Silver 


lo.s 


Aluminium 


2.56 


Bismutli * 


9.8 


Strontium 


a.54 


Copper 


8.9 


Magnesium 


■■75 


Nicliel 


8.8 


Calcium 


..58 


Cadmium 


S.6 


Sodium 


0.972 


Cobalt 


8.5 


Potassium 


0.865 


Manganese 


8.0 


Lithium 


0-593 



The melting-points of the metals differ even more 
widely tlian their densities, as will appear from the fol- 
lowing Table, which is mainly compiled from Miller : — 

* See in Appendix the chapter on Chemical Pkilosopky, %% 19 
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Mercury 
Cdmmm 
Tin 
Bismuth 


— 39° 

+Z4J 

442 

507 


Antimony 
Siiver 
Copper 
Gold 


+ 737° 
jS73 
1996 
2016 


Lead 
Zinc 


6,7 
733 


Steel 
Wrougiit Iron 


2350 to 2500 
2700 to 2850 



Some metals can be easily converted into vapor, or 
volatilized ; thus mercury boils at 662°, while potassium, 
sodium, magnesium, zinc, and cadmium can be distilled 
at a red heat. Even the more infusible metals, such as 
copper and gold, are not absolutely fixed, but give off 
small quantities of vapor when strongly heated. 

73. Metallic Ores. — Only a few of the metals occur 
in a free state in nature ; in general they are found com- 
bined with oxygen, sulphur, or some other non-metal. 
These metallic compounds are most variously distributed 
throughout the earth's crust ; some are known to occur in 
only one or two localities, and even then only in minute 
quantity, while others are found widely distributed in 
enormous masses. Aluminium, iron, calcium, magne- 
sium, and sodium form, when united with oxygen and 
silicon, the w^hole mass of granitic rocks composing our 
globe ; but it is not from these sources that they can be 
obtained for the purposes of the arts. For this object we 
employ other combinations, found in smaller quantity, 
termed metallic ores, from which the metals can be more 
easily extracted. 

The heavy metals and their ores are interspersed 
throughout the older rocks, in the form of veins or lodes, 
which are cracks or fissures of the rock filled up with 
the ore. Other ores, such as ironstone, are found in the 
more recent rocky formations, having been deposited in 
large masses, probably from aqueous solution. 
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THE MOST USEFUL METALS. 
Tho most useful metals are iron, lead, copper, tin, and 



73. IRON. — Iron is, of all metals, the most important 
to mankind. Its uses were long unknown to the human 
race, the af«e of iron implements being preceded by the 
ages of bronze and stone. Pure metallic iron exists only 
in very small quantily on the earth's surface, almost en- 
tirely occurring in meteoric stones. 

The process of obtaining iron from its ores requires an 
amount of knowledge and skill which the early races of 
men did not possess. The iron of commerce exists in 
tliree different forms, exhibiting very different properties, 
and having different chemical constitutions : (i) -wrought 
iron; (z) cast-iron; (3) steel. 

The first is nearly pure iron ; the second is a compound 
qf iron with varying quantities of carbon and silicon ; and 
the third a compound of iron with less carbon than is 
needed to form cast-iron. 

Pure iron in the form of powder may be obtained by 
heating the oxide moderately in a current of hydrogen. 
The hydrogen combines with the oxygen to form water, 
leaving the iron free. It must, however, be kept in an 
atmosphere of hydrogen, as finely divided iron takes fire 
spontaneously in the air. Iron has a bright white color, 
and is remarkably tough, though soft. The pure metal 
crystallizes in cubes. Iron which has been hammered 
has, when broken, a granular structure ; but it becomes 
fibrous when the iron is rolled into bars, and the more or 
less perfect form of the fibre determines to a great extent 
the toughness and the value of tlie metal. This iibrous 
texture of hammered bar-iron undergoes a change when 
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exposed to long continued vibration, the iron returning to 
its original crystalline condition. Many accidents have 
occurred in the breaking of railway axles, owing to 
this change from the fibrous to tlie granular texture. 
Wrought iron melts at a very liigh temperature ; but, as 
it becomes soft at a much lower point, it can be easily 
worked. Wlien hot, it possesses the peculiar property of 
■welding; that is, the power of uniting firmly when two 
clean surfaces of hot metal are hammered together. 

Iron and certain of its compounds are strongly mag- 
netic. The metal loses this power when red-hot, but 
regains it upon cooling. A solid mass of iron does not 
oxidize or tarnish in dry air, at the ordinary temperature ; 
but if heated, it oxidizes in black scales. When more 
strongly heated in the air, or plunged into oxygen gas, it 
burns with the formation of the same black oxide (n). 
In pure water, iron does not lose its brilliancy ; but, if a 
trace of carbonic acid is present, and access of air is per- 
mitted, the iron soon rusts. 

74. Manufacture of Iron. — The oldest method of 
manufacturing wrought iron was to heat the ore in a blast- 
furnace with charcoal or coal, and to hammer out the 
spongy mass of iron thus obtained. This plan can only 
be economically followed on a small scale and with the 
purest ores, and has been superseded by a more compli- 
cated method, applicable to all kinds of iron-ore. The 
most important ore is an impure carbonate called clay 
ironstone. This is first roasted (that is, heated in con- 
tact with air) to drive oiT the carbonic acid, and reduce 
the iron to an oxide. It is next smelted in a blastfur- 
nace. These furnaces (Figure 15) are usually about 
fifty feet high, and about fifteen feet in diameter in the 
widest part of the cavity CD. The lowest part, P, is 
called the crucible., or hearth. 1 1 slk ^& tuyeres, or 
pipes through which air is forced by powerful bellows, 
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K, K, and M are arched galleries for the convenience 

of workmen employed about the furnace. Whea 

working regularly, the 

furnace is charged from 

a door at the end of the 

gallery near the top, fiist 

with coal, and then with ■ 

a mixture of roasted ore 

and limestone broken 

into smill pieces As 

the fuel b» rns aw dj a id 

the mateiiala giadudlj 

s nk flesh supplies of 

fuel and of ore ire idd 

e I so that the furmce 

IS kept filled with alter 

nate laj ers of each 

The o\.>^en of the iii 
from tlie bellows cc 
bines w th the ciibon ot [ 
the fuel lorming ci 
bo mi, xide CO whic 
rises thio i^h the poro is mass and taking the (\:\£,si 
from the ore, becomes converted into caibonit. acid, CO™. 
The iron, mixed with the earthy matter of the ore, settles 
down into the hottest part of the furnace, where both are 
melted. The iron, being the heavier, sinks to the bot- 
tom, where it is drawn off at intervals through a tap-hole 
in the floor H. The lighter earthy matter, or slag, floats 
on the surface of the iron, like oil on water, and flows ofl" 
through an opening above the tymp-stone L. The lime- 
stone aids in liquefying the earthy matter, and unites with 
it to form the slag. 

At this stage the iron is cast-iron. 

The properties and appearance of cast-iron vary much 
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with tlie amount of carbon and silicon which it contains ; 
for. cast-iron is not a definite ciiemical connpound of these 
elements with iron. The carbon is found in cast-iron, 
(i) as scales of graphite, giving rise to mottled cast-iron ; 
and (3) in combination, forming -white cast-iron. 

In order to make -wrought iron from cast-iron, the latter 
must undergo the processes of refining and fuddling. 
These consist essentially in burning out the carbon and 
silicon, by exposing the heated metal to a current of air 
in a reverheratory furnace. Such a furnace is repre- 




sented in Figure 16. The oie is put into the hoppeis 
H H, from which it fells into the chamber C, ^ihere it is 
spread out on the bed cc. The fuel is burned on a 
heartii at A, separated from the ore by the bridge 5. 
The heated gases rising from the burning fuel are rever- 
berated^ or reflected, by the arched roof of the furnace, 
and driven down upon tlie ore, and then pass off through 
the fluey. When the ore is sufficiently roasted, it is 
allowed to fall through openings, d d, into the cham- 
ber E. The ore is stirred from time to time, to expose 
fresh surfaces to the action of the air and the flame. The 
melted cast-iron becomes first covered with a coat of 
oxide, and gradiially thickens, so as to allow of its being 
rolled into large lumps or balls. During this process, the 
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whole of the carbon escapes as carbonic oxide, and the 
silicon becomes oxidized to silica, which unites with tlie 
oxide of iron, and forms a fusible slag. Any phosphorus 
or sulphur contained in the iron is also oxidized in this 
process. The ball is then hammered, to give the metal 
coherence, and to squeeze out the liquid slag, and the 
mass is afterwards rolled into bars or plates. 

75. Steel. — Steel is formed when bars of wrought 
iron are heated to redness for some time in contact with 
charcoal. The bar is then found to have become iine- 
graiiied instead of fibrous ; the substance is more mal- 
leable and more easily fusible than the original bar-iron, 
and is found to contain carbon varying in amount from 
one to two per cent. Steel has several important prop- 
erties, especially the power of becoming very hard and 
elastic when quickly cooled, which fits it for the manu- 
facture of edge-toois. These are, however, generally 
made of bar-steel, which has been previously fused and 
cast into ingots. 

A new and very rapid mode of preparing cast-steel is 
that known as the Bessemer process. This process con- 
sists in burning out all the carbon and silicon in cast-iron, 
by passing a blast of atmospheric air through the molten 
metal, and then adding such a quantity of pure cast-iron 
to the wrought iron thus prepared as is necessary to give 
carbon enough to convert the whole mass into steel. 
The melted steel is then at once cast into ingots. In this 
way six tons of cast-iron can, at one operation, be con- 
verted into steel in twenty minutes. The Bessemer steel 
is now largely manufactured for railway axles and rails, 
for boiler-plates, and other purposes, for which it is much 
better fitted than wrought iron, so that this process bids 
fair to revolutionize the old iron industry. It has already 
been put into practice on a large scale in England, France, 
Belgium, Sweden, and India. 
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76. LEAD. — Lead does not occur free in nature. It 
is obtained from galena., or plumbic sulphide, PbS. The 
galena is roasted in a reverberatory furnace, with the 
addition of a small quantity of lime to form a fusible slag 
with any silicious mineral matter present in the ore. By 
the action of the air, a portion of the sulphide is oxidized 
to sulphate, while in another portion, the sulphur burns 
off, and plumbic oxide is left behind. After a time, the 
air is excluded, and the heat of the furnace raised, and 
the remaining sulphur bums at the expense of the oxygen 
in the oxide already formed, leaving the lead free. 

Lead is a bluish-white metal, and so soft that it may 
be scratched ivith the nail. It is quite ductile and malle- 
able, but has little tenacity or elasticity. It melts at 617^, 
and at a higher temperature volatilizes, though not in 
quantity sufficient to be distilled. 

The surface of the metal remains bright in dry air, but 
it soon becomes tarnished in moist air, owing to the 
formation of a film of oxide; and this oxidation proceeds 
rapidly in presence of a small quantity of weak acid, such 
as carbonic or acetic. In pure water freed from air, lead 
also preserves its lustre ; but, if air be present, plumbic 
oxide is formed, and as this dissolves slowly in the water, 
a fresh portion of metal is exposed for oxidation. This 
solvent action of ■water upon lead is a matter of much 
importance, owing to the common use of lead water- 
pipes, and the peculiarly poisonous action of lead com- 
pounds upon the system when taken even in minute 
quantities for a length of time. The small quantity of cer- 
tain salts contained in all spring and river waters exerts 
an important influence on the action of lead. Thus 
waters containing nitrates or chlorides are liable to con- 
tamination with lead, ■while those hard waters contain- 
ing sulphates or carbonates may generally be brought 
into contact with lead without danger, as a thin deposit 
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of sulphate or carbonate is formed, which preserves the 
metal from further action. If the water contains much 
free carbonic acid, it should not he allowed to come into 
contact with lead, as the carbonate dissolves in ^vater 
containing tliis substance. The presence of lead in 
water may easily be demonstrated by acidulating the 
water, passing a current of hydric sulphide (sulphuretted 
hydrogen) through a deep column of the liquid, and 
noticing whether it becomes tinged of a brown color, 
from the formation of plumbic sulphide. 

Lead pipes lined with tin have been recommended for 
water-pipes ; but if the lining is not absolutely perfect, 
they are more dangerous than ordinary lead pipes. If 
from defective- soldering, or cracks, or breaks in the lin- 
ing, or from corrosive action, the water comes in contact 
with the lead, a galvanic action begins, and the lead is 
more rapidly oxidized than it would be if not joined with 

There is the same danger In the use of the metallic 
double-lined ice-pitchers. The lining is often made of 
dissimilar metals, and the parts are joined by a solder 
containing lead. The tliin film of silver is soon worn 
off upon the interior; galvanic action then promotes 
corrosive action, and the water becomes poisonous. 

On the whole, the best way of protecting lead-pipes 
from oxidation, is by coating them with sulphide of lead, 
which is insoluble in water. This can be done by dis- 
solving one- pound of potassic sulphide (sulphide of 
potassium) in two gallons of water, and letting tlie 
solution remain in the pipe twelve hours, or until the 
whole inside is thoroughly blackened. This preventive 
process is not perfect, but it is very nearly so. 

77. COPPER. — Copper is an important metal, 
largely used in the arts. It has been known from very 
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early times, as it occurs native in the metallic state, and 
is moreover easily reduced from its ores. Metallic cop- 
per is found in enormous quantity near Lake Superior, in 
North. America, and other localities. The following ores 
are the most important: (i) a compound of copper, sul- 
phur, and iron, knov^n as copper fyrites, Cu^S -|- Fe^Sg ; 
(2) the cufrotis sulphide, CujS ; (3) tlie carbonate or 
malachite-, and (4) tlie red or cuprous oxide, Cu^O. 
Copper is obtained on a large scale from the carbonate 
or oxide, by reducing these ores, together with carbon 
and some silica, in a blast-furnace. 

MetaUic copper has a peculiar deep red color, which 
is best seen w^hen a ray of light is several times reflected 
from a bright surface of the metal ; it is very malleable, 
ductile, and tenacious ; it melts at a red heat, and is 
slightly volatile at a white heat, giving a green tint to a 
flame of hydrogen gas which is passed over it ; and it is 
one of the best conductors of heat and electricity. Cop- 
per does not oxidize, either in pure dry or moist air, at 
ordinary temperatures, but if heated to redness in the air, 
it is soon converted into cupric oxide. 

78. Alloys 0/ Copper. — Copper combines with several 
of tlie metals to form what are called alloys, 

Srass is an alloy containing about two-thirds of copper 
and one-third of zinc. It is harder than copper, and can 
be more easily worked. The addition of from one to 
two per cent of lead improves tlie quality of brass for 
most purposes. The yellow metal, used for the sheath- 
ing of ships, contains sixty per cent of copper. Bronze, 
gun-metal, hell-metal, and speculum-metal are alloys 
of copper and tin in varying quantities. They are all 
remarkable for the property of being hard and brittle 
when slowly cooled, but of becoming soft and malleable 
if, when red-hot, they are cooled suddenly by dipping 
into cold water. 
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79. TIN. — The ores of tin — although this metal has 
heen known from very early times — occur in but few 
localities, and the metallic tin is not found in nature. 
The chief European sources of tin arc the Cornish mines, 
where it is found as tin-stone^ SnOj. It was probably 
from these mines that the Phcenicians and Romans ob- 
tained all the tin w^hich they employed in the manufac- 
ture of bronze. Tin-stone is also met with in Malacca 
and Borneo and Mexico. In order to prepare the metal, 
the tin-stone is crushed and washed to remove mechani- 
cally the lighter portions of rock with w^liich it is mixed, 
and the purified ore is then placed in a reverberatory 
furnace, with anthracite or charcoal, and a small quantity 
of lime. The oxide is tlius reduced, and the liquid 
metal, together ^vith the slag, consisting of calcic silicate, 
fails to the lower part of the furnace. The blocks of tin, 
still impure, are then refined by gradually melting out 
the pure tin, leaving an impure alloy behind. 

Tin has a white color resembling that of silver ; it is 
soft, malleable, and ductile, but has little tenacity. When 
hcnt, pure tin emits a peculiar crackling sound. It melts 
at 443°) and is not sensibly volatile. Tin does not lose 
its lustre on exposure to the air, whether dry or moist, at 
ordinary temperatures; but if strong-ly heated, it takes 
fire, and a white powder of stannic oxide is formed. 

Owing to its brilliancy, and its power of resisting 
ordinary atmospheric changes, tin is largely used for 
coating iron, copper, and other metals, which are more 
abundant and more easily oxidized. Tin plate, or sheet 
tin, as it is called, is iron thus coated with tin. The thin 
sheets of iron are thoroughly cleaned with sulphuric acid, 
and then immersed in melted tin for an hour or so. 
Copper is tinned by brushing the melted tin over its sur- 
face, which must first be made perfectly clean. 

Tin is sometimes used for water-pipea ; and there is a 
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popular impression that it is never acted upon by water- 
In certain localities, however, it oxidizes rapidly, and is 
soon rendered worthless. The safety of tin pipes, as 
compared with lead, does not consist in their exemption 
from corrosive action, but in the harmlessness of the re- 
sultant oxides and carbonates. 

So. Alloys of Tin. — Several alloys of tin, besides those 
already mentioned (78)7 are employed in the arts. Bri' 
tannia metal is an alloy of equal parts of brass, tin, 
antimony, and bismuth. The best feviter is an alioy of 
four parts of tin to one of lead. Common solder con- 
tains equal parts of tin and lead, and is more fusible 
tlian lead. 

81. ZINC. — Zinc is an abundant and useiul metal, 
closely resembling magnesium in its chemical character, 
but it is much more easily extracted from its ores. The 
chief ores of zinc are the sulphide or blende, the car- 
bonate or calamine, and the red oxide. In order to 
extract tlie metal, the powdered ore is roasted, to convert 
the sulphide or carbonate into oxide ; the roasted ore is 
then mixed w^ith fine coal or charcoal, and strongly 
heated in crucibles or retorts of peculiar shape ; the 
zincic oxide is reduced by the carbon, carbonic oxide 
gas comes off, and the metallic zinc distils over, and is 
easily condensed. 

Zinc is a bluish-white metal, with a crystalline stinc- 
ture. It is brittle at the ordinary temperature, but when 
heated to between 300° and 300°, it may be rolled out or 
hammered ■with ease. If more strongly heated, it is 
again brittle, and may be broken up in a mortar. Zinc 
melts at 773°, and at a bright red heat it begins to boil, 
and volatilizes ; or if air be present, it takes fire, and 
burns with a greenish flame, forming zincic oxide. Zinc 
is not acted upon by moist or dry air, and hence it is 
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largely used in the form of sheets, and is employed as a 
protecting covering for iron. The sheets of iron are 
plunged into melted zinc, covered with sal-ammoniac, 
which keeps the surface of the zinc free from oxide, and 
allows the two metals to unite. Iron thus coated ^vith 
zinc is said to be galvanized. German silver is an 
alloy of zinc, copper, and nickel. 

S2. //POTV^^XT'i'.— The oxides of iron are four in 
number : (i) ferrotis oxide., FeO, from ^vhich the green 
or ferrous salts are derived ; (2) ferric oxide, Fe^Oj, 
yielding the yellow ferric salts; (3) the magnetic^ or 
black oxide, FcaOj, which docs not form any definite 
salts ; (4) ferric acid, HJ^cOj, a weak acid, forming 
colored salts with potassium. The ferrous oxide colors 
glass green, and gives the peculiar tint to common bottle- 
glass. The most important of the ferrous salts are,: — 

(i) Ferrous Sulphate, FeSO^. This soluble salt, 
sometimes called green vitriol, is obtained by dissolving 
(i) metallic iron, or (3) ferrous sulphide, in sulphuric- 
acid, or by the slo'w oxidation of iron pyrites, FeS^. 

(i) Fe + H,SO, = FeSO, + H,. 
(3) FeS + H,SO, = FcSO, + H,S. 

The solution thus obtained yields, on evaporation, large 
green crystals of tiie salt. It is largely used in the 
manufacture of several black dyes, and is one of the 
constituents of writing ink. Like ferrous oxide, this 
salt easily takes up oxygen, producing a new salt called 
ferric sulphate. 

(2) Ferrous acetate, formed by the action of acetic 
acid on iron, is largely used in dyeing and calico-print- 
ing. 

Of the ferric salts, the chloride, Fe^Clj, is tlie most 
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important ; it forms in brilliant red crystals when chlo- 
rine gas is passed over heated metallic iron. 

83. LEAD SALTS. — Tme.^ compounds qf lead 
and O are known: (i) Litharge., or flu?nbous oxide., 
PbO, a straw-colored powder obtained by heating lead 
in a current of air. It is used in painting and in glass- 
making, and with acids forms the important lead salts, 
(a) PluTnbic oxide, PbO^- (3) Hed oxide, or red lead, 
a compound of the two last oxides, having the composi- 
tion, 2 FbO, PbOj. It is obtained by exposing litharge 
to the air at a moderate red heat, oxygen being absorbed. 
Red lead is used as a paint and in glass-making. 

Of the soluble salts of lead, the nitrate, FbzNOg, is the 
most important. This compound is obtained by dissolv- 
ing the oxide, the carbonate, or metallic lead in warm 
nitric acid. Plumbic acetate, or sugar of lead, is also a 
soluble salt. Almost all the other lead salts are insoluble 
in water. Plumbic carbonate, or ■white lead, PbCOj, is 
a substance much used in the arts as a paint. The salt 
may be obtained in the pure state by precipitating a cold 
solution of the nitrate with an alkaline carbonate, when 
it falls dovra as a white powder. For preparing the salt 
in quantity, two plans are employed : the one similar in 
principle to that described for the pure salt; and the 
other an old and interesting process, known as the Dutch 
method. In this process thin sheets of lead are rolled 
into a coil, and each coil placed in an earthen pot con- 
taining a small quantity of crude vinegar, w^hich, how^- 
ever, does not come in contact with the lead. Several 
hundred of these jars and coils are packed on a floor in a 
bed of stable manure or spent tan-bark, and then cov- 
ered with boards, while a second layer of pots similarly 
charged is placed above, and this is continued until the 
building is filled. After remaining thus for several weeks, 
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tlie coils are taken out, when the greater part of the lead 
is found to be converted into white carbonate. It appears 
that a lead acetate is first formed, and that the acetic acid 
is gradually driven out from its combination by the car- 
bonic acid evolved from the putrefying organic matter, 
and thus enabled to unite wJtli another portion of the lead 
lying underneatli that which, was first attacked. 

Plumbic sulphide, ox galena^ PbS, is found native, and 
is the chief ore of the metal. It is prepared as a black 
precipitate by passing sulphuretted hydrogen gas through 
a solution of a lead salt. Galena has a bright bluish-white 
metallic lustre. Plumbic sulphate PbSOj, is a white in- 
soluble salt, which is found native, and is prepared artifi- 
cially by adding sulphuric acid to a soluble lead salt. 
Plumbic chloride, PbCl^, is prepared by adding niuriatic 
acid to a strong solution of plumbic nitrate, when a crys- 
talline precipitate of plumbic chloride is formed. It dis- 
solves in about thirfy parts of boihng water, separating 
out in shining needles on cooling. Plumbic iodide, Phl^, 
is precipitated in tlie form of splendid yellow spangles, 
when hot solutions of potassic iodide and plumbic ni- 
trate are mixed and allowed to cool. Plumbic chromate, 
PbCrOj, is a yellow insoluble salt, generally known as 
chrome yellow, and much used as a paint. 

84. COPPER SALTS.— Q-a^-^^t forms two oxides, 
cu-prous oxide, Cu^O, and cupric oxide, CuO. Cuprous 
oxide imparts to glass a ruby color. Cupric oxide is sol- 
uble in acids, and forms a series of salts. The most im- 
portant of the soluble salts are cupric sulphate, CuSO^, 
and cupric acetate, or verdigris. The former is ofi:en 
called blue vitriol, and is largely manufactured by dis- 
solving copper or its oxide in sulphuric acid. It is used 
in calico-printing, and in making Scheelds green, or cu- 
pric arseniate, and other paints. 
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As many of tlie vegetable acids act upon copper so as 
to form poisonous salts, copper or brass vessels should 
never be used for cooking unless tliey are lined with tin.. 

S5. SALTS OF ZlJVC. — Zmc forms but one ox- 
ide, ZnO, which is much used as a white paint. Its 
most important salt is zincic sulphate, or ivhite vitriol^ 
which is used in calico-printing. 

86. SAL TS OJP- TIN. — Tin forms two oxides, the 
stannous, SnO, and the stannic, SnOj. Stannous chlo- 
rsVe, SnClj, formed by dissolving tin in muriatic acid, is 
termed tin salts iii commerce ; it is largely manufactured 
for the calico-printer and dyer, who use it as a mordant; 
that is, toj^A: the color in the fibre of the cloth, so tliat it 
■will not ■wash out. Potassic siannate {stannate of fot~ 
asK), KjSnOj, formed by boiling stannic oxide with soda, 
is used in the same ■way. Stannic chloride., SnCl,, is 
also used by dyers, and is prepared for this purpose by 
dissolving tin in cold nitro-muriatic acid. Of the sul- 
phides of tin, SnS, stannous sulfhide, and SnSj, stannic 
sulphide, are the most important ; the former is blackish- 
gray, and the latter a bright yellow crystalline powder, 
known as mosaic gold. 

NOBLE METALS. 

The nobic metals are mercury, silver, gold, s.aAflati- 
num. They are so called because they do not rust, that 
is, combine with the oxygen of the air at ordinary tem- 
peratures. 

87. MBIiCUUT. — Ths chief ore of mercury is the 
sulphide, or cinnabar, which occurs at Almaden in Spain, 
at Idria in lUyria, in California, and also in China and 
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Japan. The metal is easily obtained by roasting the ore, 
when the sulphur burns off, and the metal volatilizes, and 
its vapor is condensed in earthen pipes. Mercury is the 

1 n etal liquid at the ordinary temperature ; it freezes 
t — 3;) n tlie solid state it is malleable and possesses 

a de s t^ of 14,4. It boils at 662°, and gives off a slight 

TO t ot vapor at the ordinary temperature. Mercury, 

he J u c does not tarnish in moist or dry air ; but when 

1 ated above 700°, it rapidly absorbs oxygen ; and it 

1 es directly with chlorine, bromine, iodine, and 
Ipl u Mercury is largely used in extracting gold and 
s 1 er fro their ores, and for many other purposes. 

Mercury dissolves many of the metals, forming amal- 
gams. The most important of these is the amalgam of 
tin and mercury, used for silvering mirrors. " In order 
to apply it to the glass, a sheet of tinfoil is spread evenly 
upon a smooth slab of stone, which forms the top of a 
table carefully levelled, and surrounded by a groove, for 
the reception of the superfluous mercury. Clean mercury 
is poured upon the tinfoil, and spread uniformly over it 
with a roll of flannel ; more mercury is then poured on 
till it forms a fluid layer of the thickness of about half a 
crown ; the surface is cleared of impurities by passing a 
linen cloth lightly over it ; the plate of glass is carefully 
dried, and its edge being made to dip below the surface 
of the mercury, is pushed forward cautiously ; all bubbles 
of air are thus excluded as it glides over and adheres to 
the surface of the amalgam. The plate is then covered 
with flannel, weights are placed upon the glass, and the 
stone is gently inclined so as to allow the excess of mer- 
cury to drain off; at the end of twenty-four hours it is 
placed upon a wooden table, the inclination of which is 
increased from day to day until the mirror assumes a ver- 
tical position : in about a month it is sufficiently drained 
to allow the mirror to be framed," — Miller. 
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88. SIL VMR. — Silver was known to the ancients. 
It is found in the native state, as well as combined with 
sulphur, antimony, chlorine, and bromine. It is also 
contained in small quantities in galena, and it can be 
extracted w^ith profit from the lead prepared from this 
ore, even when tlie lead contains only two or three 
ounces of silver to the ton. The method thus adopted for 
the extraction of the silver depends upon the fact that 
the whole of the silver can be concentrated into a small 
portion of lead by crystallization ; metallic lead free from 
silver separates out in crystals, and a rich alloy is left. 
When this reaches the concentration of 300 oz, of silver 
to the ton, the alloy undei^oes the operation of cufella- 
tion^ in which the mixture is melted in a furnace on a 
porous bed of bone-earth, and a blast of air blown over 
the surface. The lead oxidizes, and the oxide (litharge) 
fuses, and partly runs away and partly sinks into the 
porous bed of the furnace, while the silver remains behind 
in the metallic state. 

For the extraction of silver from the other ores, a 
process termed amalgamation is employed, in ^vhich 
mercury is used to dissolve the metallic silver. The 
argentiferous ores of Germany, in which the silver occurs 
in combination with sulphur, are roasted in a furnace 
with common salt, by which means the sulphide is con- 
verted into chloride ; the mixture is then placed in casks 
made to revolve, and scrap-iron and water are added. 
The iron reduces the silver to the metallic state, and 
wJien this is fully accomplished, metallic mercury is 
added ; this forms a liquid amalgam widi the silver (and 
gold, if any be present), and, by distilling the mercury 
off, the silver is obtained in an impure state. Silver has 
a bright white color and a brilliant lustre, ivhich it does 
not lose in pure air at any temperature. When melted 
in the air, it possesses the singular power of absorbing 
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mechanically a large voSume (twenty-two times its bulk) 
of oxygen ; this gas It again gives out on solidifying. 

Silver is probably the best conductor of heat and elec- 
tricity known, and is extremely ductile. Sulphur com- 
bines at once with silver, forming a black sulphide ; silver 
articles long exposed to the air taraish from this cause. 
It is because they contain a small quantity of sulphur that 
eggs, mustard, and horseradish blacken silver spoons. 
Where coal-gas is used, silver articles not unfrequently 
tarnish, owing to the fact that the sulphuretted hydrogen 
has not been thoroughly removed in the purification of 
the gas. 

89. G OLD. — Gold is usually found in the metallic 
state. It occurs in veins in the older rocks, and in the 
sands of most rivers, and, although generally found in 
small quantities, it is a ■widely diffused metal. In order 
to obtain the gold, the detritus or sand which contains 
tlie metal is washed in a cradle or other arrangement, by 
means of which the lighter particles of mud or mineral 
are washed away, while the heavier grains of gold sink to 
tiie bottom of the vessel. When gold has to be worked 
in the solid rock, the mineral is crushed to powder and 
tlien shaken up with mercury, and the gold thus extracted 
by amalgamation. 

Gold has a brilliant yellow color, and, in thin films, 
transmits green light ; it is nearly as soft as lead ; it can 
be drawn out into fine wire, and is the most malleable 
of all the metals. It does not tarnish at any tempera- 
ture, in dry or moist air ; nor is it, like silver, affected by 
sulphur. It is not acted upon by any single acid (except 
selenic)-, but dissolves in presence of free chlorine and 
in nitro- muriatic acid. At high temperatures, gold is 
slightly volatile. The gold used for coin is an alloy of 
gold and copper, in the proportion of 1 1 parts of gold to 
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I of copper. This alloy is harder and more fiisible, but 
less ductile, than pure gold. The purity of gold is com- 
monly expressed in carats. Pure gold is said to be 24 
carats Jine; an alloy containing f J of pure gold is called 
23 carats fine; \\ of pure gold {the finest usually era- 
ployed for jewelry), 18 carats Jine; and so on. 

90. PLATINUM. — Platinum is a comparatively 
rare metal, which always occurs in the native state, and 
generally alloyed with five other metals ; namely, fal- 
ladtum, rhodium, iridium, osmiutn, and ruthenium. 
This alloy occurs in small grains in detritus and gravel 
in Siberia and Brazil. 

The original mode of obtaining the metal was to dis- 
solve the ore in aqua-regia (nitro-muriatic acid), and 
precipitate the platinum (together with several of the ac- 
companying metals) with sal-ammoniac, as the insoluble 
double chloride of ammonium and platinum, zNH^ 
Cl,PtCl,. This precipitate, when heated, yields metallic 
platinum in a finely divided or spongy state ; and this 
sponge, if forcibly pressed and hammered when hot, 
gradually becomes a coherent metallic mass, the particles 
of platinum welding together, when hot, like iron. A 
new mode of preparing the metal has recently been pro- 
posed, the ore bemg melted m t very powerful furnace, 
heated with the ox> hydrogen blow-pipe. In this way a 
pure alloy of plitinum, iridmm and rhodium is formed, 
the other const tuents and impurities of the ore being 
either voHtdized b> the mtense heat, or absorbed by the 
lime of whii-h the crucible is composed. This alloy is in 
many respects more useful than pure platinum, being 
harder and less easily attacked by acids. 

Platinum has a bright \vhite color, and does not tarnish 
under any circumstances in the air. It is extremely infu- 
sible, and can only be melted by the heat of the oxy- 
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hydrogen blowpipe. It dissolves in aqua-regia, but la 
not acted upon by the ordinary acids, and hence platinum 
vessels are much used in the laboratory. Caustic alkalies, 
how^ever, act upon the metai at high temperatures. When 
finely divided, metallic platinum has the power of con- 
densing gases upon its surface in a remarkable degree. 
When a mixture of oxygen and hydrogen is brought in 
contact with spongy platinum, the heat developed by tlie 
condensation of the gases is sutScient to ignite them. 

91. SAI.TS OF MERCURT. — yi&rc\iry forms 
two oxides, the mercurous, Hg^O, and the mercuric, 
HgO, and two corresponding classes of salts. The mer- 
curic sulphide, HgS, is know^n as cinnabar, or vermil- 
ion, much used as a paint. Mercurous chloride, Hg^Clj, 
or calomel, and mercuric chloride, HgCl^, or corrosive 
siMivtate, are used in medicine. The bromides and 
iodides of mercury are used in photography. 

92. SALTS OF SILVBJi. — Silver forms two 
oxides, AgjO, argentic suboxide, and Ag^O, argentic 
oxide. The latter is the base of the ordinary silver salts. 
Argentic nitrate, AgNOj, is the most important soluble 
salt of silver. It is obtained in the form of large trans- 
parent tabular crystals, on evaporating a solution of 
silver in nitric acid. It fuses easily on heating ; and when 
cast into sticks, goes by the naraeof /wwa?- caustic. This 
salt undergoes decomposition when exposed to the sun- 
light in contact with organic matter, and a black sub- 
stance, probably the suboxide, is formed ; hence it is 
employed in the manufacture of indelible ink for mark- 
ing linen and other fabrics. 

Of the insoluble silver salts, the chloride, AgCl, is the 
most important. This salt occurs in nature, and is then 
known as horn silver. It is precipitated as a white 
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cui'dy mass, ■when a solution of a chloride and a silver 
salt are brought together. When exposed to tlie light, 
the white chloride becomes tinted of a purple color, 
■whi 1 shade as the action of light continues. 

Thi 1 t n es from a partial decomposition of the 
salt 11 q tity of suhchloride and free muriatic 

acid be g f d In presence of organic matter tills 

chang t k pi much more rapidly, and upon this 
fact th rt f pf tography depends. Argentic chloride 
is easily soluble in a solution of sodic hyposulphite, and 
it is for this reason that the latter salt is used for Jixing 
photographic pictures, that is, dissolving out the unaltered 
silver salt, and thus rendering tlie image permanent. 
Argentic bromide^ AgBr, is also acted upon by the light, 
and is soluble in ammonia and an alkaline hyposulphite. 
The iodide^ Agl, is a yellow powder, insoluble in water 
and ammonia, but dissolved by an alkaline hyposulphite. 
The cyanide, AgCN, as well as other salts of silver, is 
used in electro-plating. 

93. SALTS OF G0Z2?. — Gold forms two oxides, 
the aurous, AujO, and the auric, Aup^. Neither of 
these oxides forms salts with acids, but the latter unites 
with bases to form salts called aurates. Auric chloride, 
AuClj, obtained by dissolving gold in aqua-regia, and 
auric cyanide, Au(CN)g, are the most important salts of 
gold, being used in electro-gilding and photography. 

94. SALTS OF PLATINUM. — VXz.'imma forms 
two oxides, tlie plaiinous, PtO, and the platinic, PtO,, 
Plaiinic chloride, PtCl^, is tlie most important platinum 
compound. It is obtained as a yellowish-red solution, 
by dissolving the metal in aqua-regia. It is used in 
electro-platini zing. 
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The less useful metals are sodium, magnesium, alu- 
minium, antimony, bismuth, and nickel. These are little 
used in a metallic state, though their compounds are of 
the highest importance. 

95. SODJUM. — This metal was discovered by Sir 
H. Davy, hy the decomposition of soda with the galvanic 
current. It can be procured by reducing the carbonate 
in presence of carbon, and is now manufactured in con- 
siderable quantities for the preparation of other metals, 
especially magnesium and aluminium. Sodium is a 
silver-white metal, soft at ordinary temperatures, and 
melting at 20']° ; it volatilizes below a red heat, yielding 
a colorless vapor. The compounds of sodium are veiy 
widely diffused, being contained in every speck of dust. 
They exist in enormous quantities in the older rocks ; but 
they are most readily obtained from sea-water, which 
contains nearly 3 per cent of sodic chloride (common 
Bait), or from the large deposits of this substance which 
occur in the form of rock-salt. 

96. AIAGJVSSIUM. — This metal occurs in large 
quantities in combination with lime and carbonic acid, in 
dolomite or mountain limestone, and also in sea-water 
and certain mineral springs, as chloride and sulphate. 
The metal itself has only recently been prepared in 
quantity. It is best obtained by heating magnesic chlo- 
ride with metallic sodium, sodic chloride and metallic 
magnesium being formed. This metal is of a silver- 
white color, and fuses at a low red heat. It is volatile, 
and may be easily distilled at a bright red heat. When 
soft, it can be pressed into wire, and with care it may be 
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cast like brass ; although, when strongly heated in the 
aiv, it takes fire, and bums witli a dazzling white light, 
with the fornaation of its only oxide, magnesia, MgO. 
The light emitted by burning magnesium wire is distin- 
guished for its richness in chemically active rays, and is 
therefore employed as a substitute for sunlight in photog- 
raphy. It is coming to be used for purposes of illu- 
mination. 

97. ALUMINIUM. — Ti-a^ metal occurs in large 
quantities, combined with silicon and oxygen, m folspar 
and all the older rocks, and also in clay, marl, slate, and 
in many crystalline minerals. Metillic dlummmm is 
obtained by passing the vapor of aluminic chloride over 
metallic sodium. It has recently been minufactuied on 
a large scale, both in England and France, and from its 
lightness (specific gravity 2.6), its tenacitj , and its bright 
lustre, it has been used for optical pui poses is well as for 
ornamental ■work. Some of its alloys, as aluminium 
bronze, promise to become of great value in the arts. 

98. ^iVTYJ/OjVil— Metallic antimony occurs native, 
but its chief ore is the trisulfhide, SbjSj. The metal is 
easily reduced, by heating the sulphide with about half 
its weight of metallic iron, when ferrous sulphide and 
metallic antimony are formed. Antimony may also be 
reduced by mixing the ore with coal, and heating in a 
reverberatory furnace. Antimony is a bright bluish- 
white metal. It is very brittle, and can readily be pow- 
dered in a mortar. It melts at about a red heat, and may 
be distilled at a white heat, in an atmosphere of hydrt^n. 
Antimony undergoes no alteration in the air at ordinary 
temperatures, but rapidly oxidizes if exposed to air when 
melted ; and if heated more strongly, it takes fire, and 
burns with a white flame, giving off dense white fumes of 
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oxide. Antimony is not attacked either by dilute muriatic 
or sulpliuric acid; but nitric and nitro-muriatic acid dis- 
solve it easily. The alloys of antimony are largely used 
in tlie arts. Of tliese, tyfe-metal (an alloy of lead and 
antimony) is tlie most important; it contains from \'j 
to 3o per cent of the latter metal, 

99. BISMUTH. — This metal is found in small quan- 
tities in tlie native state, but occurs more often as a sul- 
phide ; it is easily reduced to the metallic state, and then 
(exhibits a pinkish-white color. It melts at 507°, and is 
volatilized at a white heat. Bismuth does not oxidize in 
dry air at the ordinary temperature ; but if heated strongly, 
it burns with a blue flame, forming an oxide ; it also takes 
Ih'e when thrown into chlorine gas. Bismuth dissolves 
easily in nitric acid. The metal is chiefly used as an in- 
jfredient oi fusible metal. The alloy of 3 parts of bis- 
muth, I of lead, and I of tin, melts at 30i°; that of 
8 parts of bismuth, 5 of lead, and 3 of tin, melts at 213°. 
The compounds of bismuth are used in the porcelain 
manufacture, in medicine, and as cosmetics. 

Both bismuth and antimony closely resemble arsenic 
in the compounds which they form. Thus we have 
SbjO,, Sb^Oj, and H^Sb ; Bi^O, and Bi.O, (67). Hence 
bismuth and antimony are now generally classed among 
the non-metallic elements of the nitrogen group. 

icx>, NICKEL. — ^ Nickel occurs in lai^e quantities 
combined w^ith arsenic, as kupfernickel ; also together 
with cobalt in speiss; and it is now prepared in consider- 
able quantities for the manufacture of German stiver, an 
alloy of nickel, zinc, and copper. Nickel is a white, 
malleable, and tenacious metal ; it melts at a somewhat 
lower temperature than iron, and is strongly magnetic, 
but loses this property when heated to above 600°. 
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loi. SALTS OJ^ SODIUM.— There are two com- 
pounds of sodium and oxygen, Na^O, sodi'c oxide, and 
Na^Oj, sodic peroxide. Sodic oxide has a strong affinity 
for water, with which it combines to form HNaO, sodic 
hydrate (caustic soda). This is a white solid, very 
soluble in water, very caustic and alkaline, and is largely 
used in making soap. 

Caustic soda is now manufactured on a very large 
scale, by boiling lime and sodic carbonate (carbonate of 
soda) with water, and evaporating down the clear solu- 
tion. The reaction is as follows : — 

CaO + NajCOj + H,0 = CaCO^ + zHNaO. 

I03. Sodic Chloride. — Sodic chloride, NaCl, is com- 
mon salt. It is from this compound that nearly all the 
other sodic compounds are prepared. 

In Southern Europe, on the shores of the Mediter- 
ranean, large quantities of salt are obtained from sea- 
water. The water is allowed to flow Into large shallow 
pools, called salt-pans, where it is evaporated by the 
agency of the air and the sun. Only pure water passes 
off in the form of vapor, and the solution grows more 
and more concentrated. After a time, the brine is 
pumped into large iron pans, and evaporated by arti- 
ficial heat until the salt crystallizes. 

In many parts of the earth there are salt lakes, often 
called seas. The streams flowing into them are more or 
less impregnated with salt, which they dissolve from the 
soil over ^vhich they flow. Such lakes are natural salt- 
pans, for the water which is evaporated from them Is 
pure, and they consequently become more and more 
saturated with salt, till it is finally deposited on the 
bottom in solid crystals. The most remarkable of these 
lakes is the Great Salt Lake in Utah. 

Such salt lakes appear to have existed in all geological 
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ages, and by long-continued evaporation to have given 
rise to large masses of solid salt, called rock salt. These 
beds of rock salt are found in all parts of tlie eartli. The 
most remarkable are at Wieliczka in Poland, and at Car- 
dona in Spain. The former is 500 miles long, 30 miles 
broad, and 1,200 feet deep. It has been worked for 
several centuries. Some of the galleries excavated in it 
are 30 miles long. The bed at Cardona is a " mountain 
of salt," 400 or 500 feet high, and tlie salt is of the 
greatest purity. 

Salt is obtained from these beds sometimes by exca- 
vation and sometimes by solution. In the latter case, a 
hole is sometimes bored down to the bed of salt, often to 
the depth of 1,300 or 1,500 feet. A tube somewhat smaller 
than the bore is then introduced, and fresh water allowed 
to flow down outside the tube. This water, on reaching 
the bed, becomes saturated with salt, and rises in the 
tube. Since, however, it is heavier than fresh water, it 
will not rise to a level with the latter on the outside of 
the tube. K the bore is 1,300 feet deep, the brine will 
rise within about 200 feet of the top. It must be pumped 
up the remaining distance. The solution is then evapo- 
rated, and solid salt obtained. 

It not unfrequently happens that natural springs occur 
in such localities that their waters come into contact with 
beds of salt. Such springs are called salt springs, or 
brine springs. They sometimes come to the surface ; 
but oftener they can only be reached by boring, and the 
brine brought to the surface by incans of the pump. The 
water of these natural springs is usually less concentrated 
than that of the artificial springs described above. In 
England and in tliis country the salt produced is nearly 
all obtained from brine springs. 

The most important salt springs of this country are in 
Central New York, in Virginia, and in Pennsylvania. 
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About 6,000,000 bushels of salt are produced annually 
in New York. When tlic brine is not a saturated solu- 
tion, it is usually concentrated by partially evaporating it 
in large shallow pans by the air and the sun. It is then 
further concentrated and crystallized by artificial heat. 

103, Sodic Carbonate. — Sodic carbonate, NajCO,, 
is known in commerce as soda-ask, and is manufactured 
on ail enormous scale. It is largely used in glass-mak- 
ing, soap-making, bleaching, and many other processes 
in the arts. 

Before the French Revolution, the Continental nations 
of Europe derived their soda-ash mainly from Spain, 
where it was made from the ashes of certain marine 
plants, vvhich contain a large amount of soda. The soda- 
ash thus obtained was called barilla. 

In England, the soda-ash used was mainly obtained 
from die ashes of a sea-weed called kelp., which grows 
abund:mtly on the north and west coast of Ireland, and 
on tlie \ve5t coast and the islands of Scotland. 

One of the first effects of the war of the French Rev- 
olution was to cut off the supply of alkali from Spain. 
About this time, a French chemist, Le Blanc, discovered 
a process by which sodic carbonate, or soda-ash, could 
be obtained from common salt, or sodic chloride, NaCl. 
This process becaine publicly known through a commis- 
sion appointed, during the first year of tlie Republic, to 
investigate the subject of alkaii manufacture. 

Le Blanc's method is the same as that now used in the 
making of sodic carbonate, which has come to be one of 
the most important branches of chemical manufacture. 
The process may be divided into two stages ; — 

(i) Manufacture of sodic sulphate, or salt-cake, from 
sodic chloride ; called the salt-cake process. 

(2) Manufacture of sodic carbonate, or soda-ash, from 
salt-cak-e ; called tlie soda-ask process. 
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(i) Salt-cake Proce-'s — Thii consists in the decom- 
position ot silt by me ins of sulphuric acid This is 
effected in i furnace, cilkd the salt cxkt. furnace^ a sec 
tion of which is> repiesented in Figuie 17 It i^onsi&ts 



of a large covered iron pan, placed in the centre of tlie 
furnace, and heated by a fire placed undemeatli ; and two 
roasters, or reverberatory furnaces, placed one at each 
side, on the hearths of which the salt is completely de- 
composed. The charge of half a ton of salt is first placed 
in the iron pan, and the sulphuric acid allowed to run in 
upon it. Hydric chloride (muriatic acid) is evolved, 
and escapes through a flue with the products of combus- 
tion into towers, or scrubbers^ filled with coke or bricks 
moistened with a stream of water ; the acid vapors are 
tlius condensed, while the smoke and heated air pass up 
the chimney. The reaction is as follows : — 

3NaCl + H,SO, = Na,SO, -f jHCI. 

After the mixture of salt and acid has been heated for 
some time in the iron pan, and has beconie solid, it is 
raked out npon the hearths of the roasters, ^vhere die 
fiame and heated air of the fire complete tlie decomposi- 
tion into sodic sulphate and hydric chloride. 

(2) Soda-ash Process. — This consists (i) in the 
preparation of the sodic carbonate, and (2) in the sepa- 
ration and purification of the same. The first chemical 
change whicJi the salt-cake undergoes is its reduction to 
sodic sulphide, by heating it with powdered coal ; — 
Na^SO, 4- C, = NajS + 4CO. 
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The second decomposition is the conversion of the sodic 
sulphide into sodic carbonate, by heating it with chalk or 
Hraestone (calcic carbonate) : — 

Na,S + CaC03= Na3C03+ CaS. 

These two reactions are, in practice, carried on at 
once ; a mixture of lo parts of salt-cake, lo parts of 
chalk or limestone, and 7.5 parts of coal, being heated in 
a reverberatory furnace, called the balling furnace-, until 
it fuses, and ttie decomposition is complete, when it is 
raked out into iron vvheelbarrows to cool. This process 
is generally called the black-ash process-, from the color 
of the fused mass. 

The next operation consists in the separation of the 
sodic carbonate from the insoluble calcic sulphide and 
other impurities. This is easily accomplished by lixivi- 
atton, or dissolving the former salt out in water. On 
evaporating down the solution, for which the waste heat 
of the balling furnace is used, and calcining the residue, 
the soda-ash of commerce is obtained. 

No less than 200,000 tons of common salt are annually 
consumed in the alkali works of Great Britain, for the 
preparation of nearly the same weight of soda-ash, the 
value of which is about $10,000,000. 

104. Bicarbonate of Soda. — The salt known as bi- 
carbonate of soda, HNaCOj, is obtained by exposing the 
crystallized sodic carbonate in an atmosphere of carbonic 
acid. It is a white cryst-»IIine powder, used in medicine 
and for making effervescing drinks ; also in bread-mak- 
ing, as a substitute for yeast. 

105. Other Sodic Salts, — Sodic nitrate {soda salt' 
felre), NaNOj, is found in northern Chili in large beds. 
It is used in making nitric acid, and as a manure. 

Sodic siilpkaie {sulphate of soda), Na^SOj, is famil- 
iarly known as Glauber's salts. 
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Sodic hyposulphite {kyposulphite of soda) is used in 
photography (92). 

Sodic borate, or borax, is considerably used in the aits, 
especially as a Jlux m soldering. It dissolves the oxide 
formed upon the surfaces to be united, and thus keeps 
them clean and bright. 

Sodic silicate (silicate of soda) is called soluble glass, 
and is used to some extent as a paint or varnish for fixing 
fresco colors, and for preserving stone-work, and quite 
lai^eiy in calico printing and dyeing. 

106. SALTS OF ^^GiV"-S6'/K^l/. — Magnesium 
has but one oxide, MgO, or magnesia. The most im- 
portant salt of this oxide is the magnesic sulphate or 
Epsom salts, used in medicine. 

107. SALTS OF ALUALLNLUM. — Ths only ox- 
ide of aluminium is alumina, Al^Oj. It occurs native in 
a nearly pure and crystalline state as corundum, ruby, 
sapphire, and emery. Alumina is largely used as a mor- 
dant in dyeing and calico-printing, as it has the power of 
forming insoluble compounds, called lakes, widi vegeta- 
ble coloring- matter, and thus fixes the color in the pores 
of the cloth so tliat it cannot be washed out (S5). 

The soluble aluminic sulphate, Al^SO^, is prepared on 
a iai-ge scale for the use of the dyer, by decomposing clay 
by the action of sulphuric acid. The solid mixture of 
silica and aluminic sulphate thus obtained goes by the 
name of alum-cake. The most useful compounds of 
alumina are, however, the alums, a scries of double salts, 
which aluminic sulphate forms ^vith the alkaline sul- 
phates. Common potash alum has the composition 
KAl2SOj. It may be prepared by dissolving the two 
sulphates together, and allowing the compound salt to 
ci-ystallize, but it is usually obtained from the decomposi- 
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tioii of a shale or clay containing iron pyrites, FeS^. 
This substance gradually undergoes oxidation when the 
shale is roasted (taking oxygen from the air), producing 
sulphuric acid, which unites with tlie alumina of the clay, 
and, on the addition of a potaasic compound, alum crys- 
tallizes out. A salt called ammonium alum, and con- 
taining H^N, instead of K, is at present prepared on a 
large scale ; the ammonia liquor of the gas-works, to- 
gether with sulphuric acid, being added to the burnt 
shale, instead of a potash salt. 

There are a great many other alums known, in which 
Fe^Og, Cr^Og, or Mn^Oj, oxides of iron, chromium, and 
manganese, are substituted for the alumina in common 
alum. Clay is an aluminic silicate resulting from 6ie 
disintegration and decomposition of felspar by the action 
of air and water. Kaolin or porcelain clay is the purest 
form of clay, containing no iron or other impurities. 
There are many very beautifully crystalline minerals, as 
garnet and mica, consisting of aluminic silicates com- 
bined witli silicates of other metals. 

io8. Glass, Porcelain, and Earthen-ware. — The 
silicates of tlie alkalies are soluble in water and non- 
crystalline ; those of the alkaline earths {Ba, Sr, and Ca), 
are soluble in acid and crystalline ; while compounds of 
the two are insoluble in w^ater and acids, and do not as- 
sume a crystalline form. Such a compound, when fiised, 
is termed a, glass. There are four different kinds of glass 
used in the arts, differing in dieir chemical composition, 
and exhibiting corresponding differences in their proper- 
ties; (i) Crown or window and flate glass, composed 
of silicates of soda and lime ; (z) Bohemian glass, con- 
sisting of silicates of potash and lime ; (3) Jlint glass or 
crystal, containing silicates of potash and lead ; and (4) 
;reen bottle-glass, composed of silicates of soda, 
, and alumina. The first and third of these 
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kinds of glass are easily fusible, while the second or pot- 
ash glass is much less fusible ; the addition of plumbic 
oxide increases the specific gravity and lustre of the glass 
as well as its fusibility. The common glass articles of 
household use are generally made of flint glass, while for 
chemical apparatus a soda-lime glass is to be preferred. 
The potash-lime glass is much employed where an infu- 
sible or hard glass is needed. The fourth kind of glass 
is an impure mixture of various silicates, employed for 
purposes in which the colors and fineness of the glass are 
not of consequence. 

In the preparation of all the fine qualities of glass, 
great care is requisite in the selection of pure materials, 
as well as in the processes of manufacture. Generally 
the materials are melted togctiier witli a quarter to 
a half their ■weight of cullet, or broken glass of the 
same kind. After the glass articles have been blown 
or cast, they must be annealed, that is, made less brit- 
tle by being very slowly heated and as slow^ly cooled in 
an oven arranged for the purpose. 

Certain metallic oxides have tlie power of coloring- 
glass ^vhen they are added in small quantity. Thus fer- 
rous oxide produces a deep green color (bottle^lass) , 
while the oxides of manganese impart a purple tint to 
glass. Advantage is taken of this in the preparation of 
colorless glass, for as it is difficult to obtain materials 
perfectly free from iron, which imparts a green color, a 
small quantity of black oxide of manganese is added to 
the mixture, and the violet color thus produced neu- 
tralizes the green, and a nearly colorless glass is the result. 
The addition of arsenious oxide effects tlie same end by 
oxidizing the ferrous to ferric oxide. The colors of pre- 
cious stones are imitated by adding certain oxides to a 
brilliant lead glass caW^A paste ; thus the blue of the sap- 
phire is given by a small quantity of cobaltic oxide, 
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while cuprous oxide imparts a ruby-red color, and ferric 
oxide a yellow color resembling topaz. 

The various forms of porcelain and earthen^vare 
consist of aluminic silicate or clay in a more or less pure 
state, covered with some substance which fuses at a 
high temperature, and forms a glaze, giving a smooth 
surface and binding the material closely together, and 
thus filling up tlie pores of the baked clay. For the 
manufacture of porcelain the finest kaolin or China clay 
is used, while for common earthen-ware an inferior clay 
may be employed. The glaze used for porcelain is gen- 
erally finely powdered felspar, tlie biscuit, or porous 
ware, being first dipped into a vessel containing this sub- 
stance suspended in water and then strongly heated. 
The articles thus coated can be iised for chemical pur- 
poses, as this glaze withstands tlie action of acids. For 
earthen-ware the so-called salt glaze is used ; obtained 
by throwing some common salt into tlie furnaces contain- 
ing the strongly heated ware. The salt is volatilized and 
undergoes decomposition on the heated surface, deposit- 
ing a fusible silicate upon it, and rendering tlie ware 
impervious to moisture. 

109. SALTS OP ANTIMONr. — An\:imoriy has 
two oxides, SbjO,, and Sb^O^, and two corresponding 
sulphides and chlorides. The most important of its salts 
is tartar-emetic, or tartrate of antitnony and fotash, 

no. SALTS OP BISMUTH. ^Bmmut]\ forms 
two oxides, analogous to those of antimony. The most 
important of the salts is the nitrate^ Bi3N0B, which is 
easily procured by dissolving the metal in nitric acid, 

III. SALTS OP JVICKPL. — There are two 
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oxides of nickelj NiO, and NijOj. The former of these 
gives rise to salts which have a peculiar apple-green 
color. The latter is a black powder, prepared by adding 
a solution of ble aching-powder to a soluble nickel salt. 
The most important soluble salt is the nitrate, NiaNO^. 

METALS NOT USED IN A FREE STATE, BUT 
VALUABLE FOR THEIR SALTS. 

There are certain metals which are not used in a free 
state, but which form salts of considerable importance. 
These metals ars ;potassium, calcium, strontium, barium, 
manganese, chromium, and cobalt. 

112. POTASSIVM. — TUs metal was discovered 
ill the year 1807, by Sir Humphrey Davy, who decora- 
posed potash by means of a powerfid galvanic current. 
Before tjiis time the alkalies and aUtaline earths were 
supposed to be elementary bodies. The metal is now 
prepared by heating together potash and carbon to a high 
temperature in an iron retort. 

Potassium is a bright, silver-white metal, which can be 
easily cut with a knife at the ordinary temperature ; it is 
brittle at 32°, and melts at 144°. It rapidly absorbs 
oxygen when exposed to the air, and becomes converted 
into a white oxide. 

The original source of potassic compounds is in the 
felspar of the granitic rocks, as these contain from .02 to 
,03 of tliis metal. Up to the present time, no cheap and 
easy mode has been found of separating the potash from 
the silicic acid with ^vhich it is combined in felspar. 
Plants, however, are able slowly to separate out and 
assimilate the potash from these rocks and soils ; so that, 
by burning the plant and leaching the ashes widi water, 
soluble potash-salt is obtained. 
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This is the crude potassic carbonate, called, when 
purified by crystallization, fearlash. It is the substance 
from which most of the potassic compounds are obtained. 

The most iraportarit compounds of potassium are 
caustic -potash, HKO, potassic carbonate (carbonate oj^ 
potash), KgCOj, and potassic nitrate, or saltpetre, 
KNO3, This last compound readily parts with its oxy- 
gen, and is therefore extensively used in malsing gun- 
powder and fireworks. 

Gunpowdet consists of an mtimate mixture of salt- 
petre, charcoil and sulphur When the gunpowder is 
ignited, the sulphur and charcoal burn at the expense of 
the oxygen in tlie saltpetre, whde the nitrogen is set free. 
It is to the expmsive force of the large volume of gases 
suddenly set free in i confined space, tiiat the destructive 
power of gunpowder is due 

Potassic ckloiate, KClOg gives up its oxygen even 
more readily than the nitrate, and is used, as wc have 
seen, in the preparation of oxygen {10). It is also used 
in making fireworks and percussion caps. 

113. CALCIUAL^Caicmm forms a considerable 
portion of the rocks of which the earth is composed, and 
occurs in very large quantities, forming whole mountain 
chains of chalk, gypsum, and limestone. The metal is 
obtained by the decomposition of the chloride by the elec- 
tric current, or by heating the iodide with sodium. It is 
a light, yellow metal, which easily oxidizes in the air. 
When heated in air, it burns with a bright light, forming 
lime, CaO, the only oxide of calcium. 

Lime is prepared on a large scale for building and 
otlier purposes, by heating limestone (the carbonate) in 
kilns by means of coal mixed with the stone ; the car- 
bonic acid escapes, and quicklime or caustic lime re- 
mains. Pure lime is a white, infusible substance, which 
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combines with water very readily, giving off great heat, 
and falling to a white powder called calcic hydrate, or 
slaked lime. The hydrate is slightly soluble in ■water, 
I part of it dissolving in 730 parts of cold, but only in 
1,300 parts of boiling ■water, and forming lime-water, 
which, like the hydrate, has a great power of absorbing 
cai-bonic acid from the air. It is indeed partly o^ving to 
tliis property that the hardening or setting of niortars 
and cements made from lime is due. Mortar consists of 
a mixture of slaked lime and sand. A gradual combi- 
nation of the lime with the silica occurs, and this helps 
to harden the mixture. Hydraulic cement, which 
hardens under water, is prepared by carefully heating an 
impure lime containing clay and silica ; a compound 
silicate of lime and alumina appears to be formed on 
moistening tlie powder, which then solidifies, and is not 
acted upon by ■water. Lime is largely used in agricul- 
ture, its action being, (i) to destroy the excess of 
vegetable matter contained in the soil; and (z) to lib- 
erate the potash for the use of the plants from heavy 
clay soils by decomposing the silicate. 

Calcic carbonate {carbonate of lime) CaCO, occurs 
most widely diffused, as chalk, limestone, coral, and 
marble ; many of those enormous deposits being made 
up of the microscopic remains of minute sea-animals. 
The carbonate is almost insoluble in pure water; but 
readily dissolves when the water contains carbonic acid, 
and is deposited again, in crystals, as the gas escapes. 
In this w^ay enormous masses of crystalline limestone are 
formed. Water charged with carbonic acid and calcic 
carbonate makes its way through the roof of limestone 
caverns, and, as the carbonic acid gradually escapes, the 
calcic carbonate is deposited in dependent masses, like 
icicles, termed stalactites; while the water, falling on 
tlie floor of the cavern before it has parted with all its 
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carbonic acid and dissolved limestone, deposits a fresh 
portion of the crystalline matter, and thus a new growth, 
or stalagmite, gradually rises to meet tlie stalactite 
which hangs from the roof. In tliis way a natural pillar 
of limestone is formed. 

Calcic sulphate, CaSO^, occurs in nature, combined 
■with 2H3O, as gypsum or alabaster. It is soluble in 
400 parts of water, and is a very common impurity in 
spring water, giving rise to a hardness which cannot he 
removed by boiling. Gypsum, ^len moderately heated, 
loses its water, and is then caiX^A plaster of Paris; this, 
when moistened, takes up two atoms of water again and 
sets to a solid mass, and is therefore much used for 
making casts and moulds. 

Calcic chloride {chloride of calcium) , CaCl^, is 
formed when limestone or marble is dissolved in muri- 
atic acid ; if tlie solution be then evaporated, colorless 
needle-shaped crystals are obtained. When these are 
dried, they form a porous mass which takes up moisture 
with great avidity, and is much used for drying gases. 

114. 5'77?OjV77"6'iV:— This element occurs in much 
smaller quantities than calcium, being found in only a 
few minerals. It likewise occurs in minute quantities in 
certain spring waters. The metal has a yello^vish-^vhite 
color, and is prepared by the action of a cuiTent of elec- 
tricity on the fused chloride. It resembles calcium 
closely in its properties. When heated in the air, it 
burns, forining the oxide strontia. 

The native salts of strontium, the carbonate and sul- 
phate, are insoluble, and serve for the preparation of the 
remaining salts. The nitrate, SrzNOj, and the chloride, 
SrClg, are soluble in water. These are the only salts of 
this metal which are employed in the arts. They are 
used for the preparation of red Jives, as the volatile 
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ialts of strontium have the power of coloring the flai 



ti<^. BARIUM. — Barium compounds occur some- 
what more widely dispersed tlian those of strontium, tlie 
two most common barium minerals being the sulphate, 
or heavy spar., and the carbonate, or -witherite. The 
metal barium has not yet been obtained in the coherent 
state 5 but the metallic powder may be prepared in the 
same way as calcium and strontium, which it closely re- 
sembles in its properties. 

The most important barium compounds are the chlo- 
ride and the nitrate, used as tests for sulphuric acid) and 
for giving a green color to the flame in fireworks. 

ii6. CHROMIUM. — Chio\-n\Mxa. is a substance 
whose compounds do not occur very widely distributed, 
or in iarge quantities. They are, nevertheless, much 
used in the arts as pigments, many of them having a fine 
bright color. The chief ore of this metal is a compound 
of tlie oxides of chromium and iron, called chrome iron,' 
stone, foimd in America, Sweden, and the Shetlands. 
A compound of chromium, lead, and oxygen, called 
plumbic chromate {ckromate of lead), is also found. 
Pure chromium appears to be t!ie most infusible of all 
the metals, as it cannot be melted at a temperature 
sufficient to fuse and volatilize platinum. 

Chromium forms three oxides : chromous oxide, CrO, 
chromic oxide, Cr^Og, and chromic peroxide, CrOj, 
wjiich, dissolved in water, has a strong acid reaction, 
and may then be called chromic acid. It neutralizes 
bases, and forms yellow or red salts, called chromates. 
The most common of these are known as the chromafe 
and bichromate oi potash, K^CrO, and K^Cr^O,. The 
former is a yellow salt, and the latter a red salt, which 
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is made on a large scale, and used in the preparation of 
the various chrome pigments. 

The chief of the insoluble chroraates is flumbic 
chrontate, PbCrO,, or chrome yellow, obtained by pre- 
cipitating a potassic chromate by a soluble lead salt, 
and largely used for dyeing and other purposes. 

117. COBALT. — Cfibait is never found in a free 
state except in small quantities in meteoric iron. It is 
almost as infusible as iron. It is of a reddish-gray color, 
hard, and strongly magnetic. It is not used in a metallic 
state, but many of its compounds are remarkable for the 
beauty of their colors, and are used as pigments. It 
forms two oxides, CoO and Co^Og. The zaffre of com- 
merce is a very impure oxide of cobalt, mixed with two 
or three times its weight of sand. It is used for coloring 
glass. Thenard's blue, or artificial ultramarine, is a 
compound of cobaltic and aluminic oxides. 

118. MANGANESE.— yiar\.%a.n&&& occurs in nature 
as an oxide, and it can he obtained, though with diffi- 
culty, in the metallic state, by heating the oxide very 
strongly with charcoal. The metal is of a reddish-white 
color ; it is brittle, and hard enough to scratch glass. It 
decomposes water at the ordinary temperature with evo- 
lution of hydrogen ; it cannot be preserved in the air 
■without undei^oing oxidation, and must be kept under 
naptha, or in a sealed tube ; it is slightly magnetic, and, 
like iron, combines with carbon and silicon. Metallic 
manganese is not used in the arts ; but an alloy of this 
metal and iron is now made on a large scale, and used 
in the manufacture of stee!. Some of its oxides are used 
for evolving chlorine from muriatic acid, and also for 
giving glass a purple color. 

Manganese forms several well-marked oxides : (i) man- 
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ganous oxide, MnO, a basic body, furnishing a series of 
salts ; (3) manganic oxide, MnjO,, which also forms 
salts, but of a much less stable character ; (3) black 
oxide, MriOj, a neutral substance, occurring as an ore 
of manganese ; (4) and (5) two acid oxides, which give 
rise to salts known as manganates and fermanganates. 

Black oxide of manganese is found in naany parts of 
Europe ; but the most productive mines are in Thuringia 
and Moravia. More than 18,000 tons are used annually 
in England in the manufacture of bleaching powder. 

THE RARER METALS. 

The other metallic elenaents are very rare substances, 
and as yet are of very little practical importance. 

119. Cadmium (Cd) is a white meta! resembling tin, 
and is found in small quantities in the ores of zinc. It 
is remarkable for forming very fusible alloys. For ex- 
ample, an alloy of 15 parts of bismuth, 8 of lead, 4 of tin, 
and 3 of cadmium, melts at about 140° F, The sul-pkide 
is a valuable yellow pigment, and the iodide is used to 
some extent in photography. 

120. Iridium (Ir) is the heaviest of the metals. An 
alloy of iridium and osmium is very hard, and is used 
for the points of gold pens. It forms three oxides, ^vhich 
readily pass one into another, giving rise to the variety 
of tints which characterize the solution of its salts. It is 
because of these changes of color that tlie metal is called 
iridium, from iris, the rainbow^. 

121. Tungsten, or wolfranium (W), forms with steel 
an alloy of remarkable hardness. WOg, or tungstic acid-, 
combines with sodium to form sodic tungstate (Jung- 
state of soda), Na^WO^, which is used in calico-printing, 
and in combination with starch to render linen and 
cotton fabrics incombustible. 



loy Google 



go THE METALS. 

132. Uranium (U) forms an oxide, UO, which gives 
a peculiar yellow color to glass, and also renders it 
Jluorescent. 

The other metals are of too little use or interest to be 
mentioned here. 



SUMMARY. 

The metals are seldom found in a free state, but 
usually combined with other elements as ores. Their 
separation from these ores is called reduction. 

The most useful metals are iron, lead, copper, tin, 

The noble metals arc gold, silver, mercury, and plat- 

The less useful metals are sodium, magnesium, alu- 
minium, antimony, bismuth, and nickel. 

The metals not used in a free state, but valuable for 
their salts, are potassium, calcium, strontium, barium, 
manganese, chromium, and cobalt. 

Among the rarer metals, cadmium, iridium, tungsten, 
and uranium are of some interest. 

Among tlie most important metallic compounds may 
be mentioned : salt, soda-ash, soda saltpetre, caustic soda, 
bicarbonate of soda, pearlaah, saltpetre, caustic potash, 
lime, alum, glass, porcelain, green vitriol, blue vitriol, 
white vitriol, litharge, red lead, and white lead. 
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COMBUSTION. 

123. Composition of the Atmosphere. — We live at 
the bottom of an aerial ocean called the atmosphere, 
which is some fifty miles in depth. This atmosphere 
contains free oxygen ; as may be shown by inverting a 
jar of it over a jar of nitric oxide. The gases, on mix- 
ing, become cherry-red (33)- 

Bum a piece of phosphorus in a jar of air over water. 
The jar is filled with dense white fumes, which are soon 
absorbed by the water, which rises and partially fills tlie 
jar. Introduce now some nitric oxide into the jar while 
still over the water, and the gas shows no trace of red 
color. The free oxygen then can be removed from the 
air by burning phosphorus in it. After all the oxygen 
has combined with the phosphorus, and die compound 
formed has been absorbed by tlie water, the jar is found 
to be about one-fifth filled with water; showing that 
about one-fifth of tlie air is oxygen. 

The gas remaining in the jar is found to be almost 
pure nitrogen. 

Besides the oxygen and nitrogen, there is a small 
quantity of carbonic anhydride (carbonic acid) ; as may 
be shown by passing a large volume of air through lime- 
water. There is also watery vapor, which is continu- 
ally condensed in the form of rain and devi'. A trace 
nia, and of nitric acid^ is also found ; and to 
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these are to be added the exhalations continually rising 
from the earth. The whole quantity of these minor in- 
gredients, with the exception of watery vapor, does not 
amount to more than one part in a thousand. The pro- 
portions of oxygen and nitrogen are almost invariable, 
while those of the other ingredients are continually flue- 
It must be borne in mind that the atmosphere is not a 
chemical compound, but merely a mixture of these dif- 
ferent gases. " Indeed, we may regard the globe as sur- 
rounded by at least three separate atmospheres, — one of 
oxygen, one of nitrogen, and one of aqueous vapor, — all 
existing simultaneously in the same space, yet each en- 
tirely distinct from the other two, and only very slightly 
influenced by their presence." 

The following Tables are from Miller : — 

Composition of the Atmosphere. 

Oxygen 20.61 

Nitrogen 77-95 

Carbonic Acid .04 

Watery Vapor (average) 1.40 

100.00 
Composition in Tons. 
Oxygen .... 1,333,010 billions of tons. 
Nitrogen .... 3,994t593 " " 

Carbonic Acid . . Si^Sy „ „ 

Watery Vapor . . 54460 „ „ 

124. The Products of the Burning of a Candle or 

Coal-Gas are Carbonic Acid and Water, — When a 
lighted taper is held to a candle, or to a jet of coal-gas, 
the latter takes fire. In what does its burning consist.* 
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a short time over the candle or gas- 
, pour in a little lime-water, close 



Invert a bottle for a 
burner ; then r 

the mouth of the bottle with the hand, and shake it. The 
lime-water becomes milky-whitc ; showing that carbonic 
acid has been produced by the burning. 

If the candle or gas be burnt under a tin funnel con- 
nected with a long glass tube {which must be kept cold), 
moisture will collect on the inside, and, after a short time, 
will trickle down, and drop from the end of the tube. 
When potassium is put Into water, it burns with a roso- 
colored flame. If the liquid from the tube be tested 
with a bit of potassium, it proves to be water, which 
is therefore another product of tlie burning. 




No other substance is produced, except in very minute 
quantities, by the burning of the candle or the gas. 

125. The Candle, in Burning, removes Oxygen from 
the Air. — Arrange a candle, so that it can be covered 
with a bell-jar, over the water-trough ; then light it, and 
cover it with tlie jar. It soon ceases to burn, and the 
water rises in the jar. The burning then removes some- 
thing from the air. 

Put a lighted candle into a fron \ 1 th ygen 
has been removed, and it is at t ngu 1 d bow- 

ing that it cannot burn without o j n It t th n be 
oxygen which it removes fro th a 1 t bu 
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126. All ordinary Combustion consists in the Com- 
bination of the Oxygen of the Air ivitk the burning 
Substance. — We have seen that carbonic acid, COj, 
and water, H^O, are tlie pi-oducts of the burning of a 
candle. Of the three elements in these products, the O, 
as we have seen, comes from the air ; the C and H exist 
in the candle. 

The force, then, which causes the candle to burn, is 
ajinity, and the burning is the combination of the oxy- 
gen of the air with the elements of the candle. 

Experiments similar to those wrhich we have tried w^ith 
the candle, will show that any ordinaiy combustible sub- 
stance removes oxygen from the air when it burns, and 
that it cannot burn without oxj^en. We conclude, then, 
that all ordinary combustion is the combination of tlie 
oxygen of the air with the burning body. 

137. Why a Draft is necessary in Sto-oes and Jnir- 
naces. — We see now why our stoves and furnaces must 
hive a diait As tist is the o\jgen is tiken fiom tlie 
air b> the burning fuel this air must be itmovcd and a 
ficsh supply must take its pHce In other woids a 
stream of a r must be kept constintlj flowing over or 
thiough the fuel 

We see also how the fire cin be rcgulited by means 
of the Irift If the dcors or dampers through which 
the Ml is admitted he pirtiallj closed the supply of iir 
will be diminished and the burning will therefore be 
retirded 

I'S Combustibles and Supporters of Combuttion — 
Any substance, as coal-gas, which can be made to burn, 
is called a combustible; while any substance, as air or 
oxygen, in which it can burn, is called a supporter of 
combustion. These terms are convenient, though, strictly 
speaking, the one substance is no more a combustible or 
a supporter of combustion than the other. Since die 
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burning of coal-gas consists in the combination of the gas 
witli oxygen, the oxygen in reality bums, as well as the 
gas ; and, on the otlier hand, the gas is as much a sup- 
porter of tlie combustion as the oxygen. The burning 
must of course take place where the gases come together. 
A jet of oxygen would appear to burn in an atmosphere 
of coal-gas, just as a jet of coal-gas appears to burn in an 
atmosphere of oxygen. 

Fit a cork to one 
end of a lamp chim- 
ney, and let the tip 
of a gas-burner pass 
through it, as repre- 
sented in the figure. 
Allow the gas to es- 
cape for some time, 
and then light it at the 
top of the chimney. 
It ^vill burn quietly, 
and the chimney will 
evidently be filled 
■with coal-gas. Fill 
to the bag a bent glass tube drawn out into a line jet. 
Force the oxygen through the tube in a gentle stream, 
and introduce the end of the tube thi-ough the flame into 
the chimney. As it passes tlie flame, the oxygen takes 
fire, and burns brightly in the coal-gas ; the oxygen ap- 
parently becoming the combustible body, and the coal- 
gas the supporter of combustion. 

In both the flames which we have here, it will be seen 
that gases are burning w^hcre they come together ; — the 
coal-gas and the oxygen of the air, where they meet at 
the top of the chimney ; the oxygen from the bag and the 
coal-gas, where they meet at tlie end of the tube inside 
the chimney. 




id fasten 
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129. Oxygen must he Heated before it -will combine 
with ordinary Combustibles. — The jet of coal-gas has 
no disposition to burn until a lighted taper is applied 
to Jt, The oxygen of the air is at all times in contact 
with wood and coal, yet diey do not burn unless they are 
first kindled. When even as inflamm.ible a gas as hy- 
drogen is mixed with oxygen, it docs not burn unless 
ignited witii a taper or an electric spark. " At the ordi- 
nary temperature of tlie air its chemical affinities are 
dormant ; and, although endowed with forces which are 
irresistible when in action, it awaits the necessary con- 
ditions to call them forth. One of the grandest works of 
ancient art which have come down to us, is the colossal 
statue of the Farnese Hercules. The hero of ancient 
mythology is represented in an erect form, leaning on his 
club, and ready for action ; but at the moment every one 
of the well-developed muscles of his ponderous frame is 
fully relaxed, and the figure is a perfect ideal of repose, 
yet a wonderful embodiment of power. Here in tiiis 
antique ^ve h.ave most perfectly typified the passive con- 
dition of oxygen, the hero of the chemical elements. 
Raise now the temperature to a red heat, and in a mo- 
ment all is changed. The dormant energies of its mighty 
powers are aroused, and it rushes into combination with 
all combustible matter, surrounded by tliosc glorious 
manifestations of light and heat which every conflagra- 
tion presents." — Cooke. 

130. Combustion is Self 'Sustaining. — It is not neces- 
sary to arouse any large amount of oxygen to activity 
in order to insure the continuance of the combustion. 
When, for instance, a lighted match is held to the wick 
of a candle, it excites but a few molecules of oxygen to 
activity. These few rush into combination with the ele- 
ments of the candle, and by so doing develop sufficient 
heat to awaken the activity of more oxygen, which in 
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turn enters into combination and develops more heat. 
In this way a. supply of active oxygen is maintained until 
tlie candle is consumed. 

The slowness of combustion depends upon the fact, 
that the oxygen is mixed with the inert nitrogen in sucii 
proportions as generally to " restrain the awakened ener- 
gies of the fire-element witliin the narrow limits which 
man appoints." 

131. T'^e Point qf Jg-mh'on. — Different Bubstaiices 
begin to burn at very different temperatures. This is 
well illustrated in the kindling of a coal-fire. Shavings 
are put into the grate first, then kindling-wood, tlien 
charcoal, and finally hard coal. The shavings are lighted 
by means of a match. The match is a bit of dry, soft 
wood, one end of which is covered with sulphur and 
tipped with phosphorus. It is a well-know^n fact, that 
■when two bodies are rubbed together, heat is developed. 
On striking the match, sufficient heat is developed by the 
friction to ignite the phosphorus, which takes fire at a 
temperature of about 150° Fahrenheit, The phosphorus 
in burning develops heat enough to ignite the sulphur, 
which burns at a temperature of about 500°. The burn- 
ing sulphur develops heat enough to ignite the wood of 
the match ; the match, to ignite the shavings ; the shav- 
ings, the kindJing-wood ; the kindling-w^ood, the char- 
coal ; and the charcoal, the hard coal, which requires 
the temperature of a full white heat to set it on fire, 

133. T^e Products of Combustion are not always 
Gaseous. — In the burning of coal-gas and of a candle, 
the products are wholly gaseous, and in the burning of 
wood they are mainly gaseous ; but when metals, as cop- 
per and iron, burn in oxygen, the products of their com- 
bustion are solid. 

133. Magnesium and some other Metals toill hum in 
the Air. — A magnesium wire will burn brightly in the 
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air (96). Calcium, also, burns readily in the air (113)5 as 
aluminium (97) does, if pulverized and strongly heated. 

It will be noticed that all tlicse elements arc rare in 
their free state. Many of tlie rare metals, as potassium, 
sodium, magnesium, and calcium, are as combustible as 
carbon ; but they differ from carbon in giving rise to 
solid products while burning. 

134, Oxygen is not the only Supporter of Combus- 
tion. — If a piece of gold-leaf or Dutch foil be dropped 
into a jar of chlorine, it vanishes in a flash of light {53). 
Here the burning consists in a combination \vith clilorine. 
Tin and copper foil and pulverized antimony will also 
burn in chlorine. Many metals will burn in the vapor of 
sulphur ; the burning being then a combination of the 
metal ■with sulphur. 

135. The Materials of the Earth's Crust are chiefly 
Chemical Compounds. — We have seen, that vi'hen mar- 
ble is acted upon by muriatic acid (43) we obtain car- 
bonic acid, CO J, and calcic chloride, CaCl. The calcium, 
carbon, and oxygen of tliese compounds must come from 
the marble, or calcic carbonate, CaCOg. 

We find, then, in marble two very combustible sub- 
stances, calcium and carbon, combined with oxygen. 
Limestone has tlie same composition. Calcium, then, 
which is a very great rarity in a free state, is a very 
abundant element in nature. 

It has been found that the rocks and solid matter of the 
earth are made up chiefly of such combustible elements 
as potassium, calcium, magnesium, aluminium, and car- 
bon, combined with oxygen. Many of the rarest and 
most costly metals, then, are tlie most abundant in nature. 
The fact that they are so rare in a free state is due to their 
extreme combustibility. It is very difficult to separate 
them from oxygen, and no less difficult to keep them 
separate. 
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136, The Present Materials of the Earth are Prod- 
ucts of Combustion. — We see, then, tliat water, tlie 
most abundant of liquids, is made up of the very com- 
bustible elements, hydrogen and oxygen ; while the solid 
materials of tlie earth are composed chiefly of the very 
combustible elements, potassiiim, magnesium, calcium, 
aluminium, carbon, and silicon, in combination with 
oxygen. These materials are the products of combus- 
tion. There must have been a time when these elements 
existed together in a free state. Then, by some means 
unknown to us, the mass took fire ; and the conflagration 
raged until all tlie materials were consumed. There was 
more oxygen than was needed for the combustion ; and 
this is now found in the air in a free state. Oxygen was 
the most abundant of all tlie elements, since it alone 
makes up half the weight of the solid earth, eight-ninths 
the weight of the water, and one-fifth the weight of the 
atmosphere. 

The diagram below (from Cooke) illustrates what has 
been said of the composition of the earth. It will be 
seen, that, of the 65 elements, 13 alone make up at least 
.99 of its known mass, while the other 53 do not consti- 
tute altogether more than .01. 
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SLOW COMBUSTION. 

137. Partially Active Condition of Oxygen, — We 
have seen (11, 13) that, besides its active and passive 
states, oxygen exists in a third, or intermediate, condi- 
tion, in which it is partially active. In this form it plays 
a very important part in nature. It acts silently and 
slowly, taking months, and even years, to accomplish its 
work ; but the results " far surpass in true grandeur those 
dazzling displays of power which the fire-element mani- 
fests when fully aroused." 

138. Decay. — -When wood, or any other organic sub- 
stance (that is, any compound of vegetable or animal 
origin) is exposed to moist air, it decays. It first he- 
comes rotten, and then slowly disappears. This decay 
consists in a gradual union of the substance with oxygen ; 
in otiier words, a slow combustion. A log of wood 
which rots in the forest undergoes the very same change 
as one which is burnt on the hearth ; the sole difference 
being, that, while the latter burns up in a few hours, the 
former is consumed only after the lapse of many years. 

Wood, like other vegetable coinpounds, consists mainly 
of carbon, hydrogen, and oxygen. When it burns on the 
hearth, its carbon and hydrogen combine with the oxygen 
of the air, forming carbonic acid and water, which pass 
off in the smoke. The hydrogen is more combustible 
than the carbon, and therefore burns first, leaving the car- 
bon in the form of glowing coals. These are consumed 
in their turn, gradually smouldering away, until notliing 
is letl but a little ashes. 

Quite the same process is going on w^ith the decaying 
log in the forest. In decay, as in burning, the hydrogen 
of tlie wood unites with the atmospheric oxygen sooner 
tlian the carbon does ; hence, in this stage of its decay, 
the wood becomes darker, and more like charcoal. At 
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length, both the hydrogen and the carbon are burnt ; and 
the log is slowly converted into carbonic acid and water, 
leaving only a handful of earth as tiie ashes of tliis lin- 
gering combustion. Even the heat generated in this 
form of burning is found to be precisely the same as in 
ordinary combustion ; the only difference being that, in 
the latter case, it is all set free in a few hours, while in 
the former it is so slowly developed that it escapes our 
notice, 

139. Causes of Decay. — Green wood decays much 
sooner than dry wood. Indeed, if wood be kept per- 
fectly dry, it will not decay for ages. In the dry climate 
of Egypt, wooden mummy-cases have been preserved 
for more than tliree thousand years. 

The decay of the green wood is due to the presence of 
what are called albuminous substances. The most im- 
portant of these is vegetable albutnen., and it is essen- 
tially the same thing as the albumen (or ■w/nlc) of an 
egg. We have said tliat most vegetable substances are 
made up of carbon, hydrogen, and oxygen ; but these 
albuminous compounds, which form only a small part of 
the bulk of plants, contain an additional element, nitro- 
gen. We have seen that the compounds of nitrogen are 
generally very unstable, and these albuminous substances 
are peculiarly so. In tlie presence of moisture they soon 
putrefy, or break up into simpler compounds. The 
oxygen of the air takes no part in this process, but, by 
contact with the putrefying substance, it is, in some mys- 
terious way, awakened to the state of partial activity 
mentioned above. It is thus enabled to attack and con- 
sume the wood and all tlie odier organic compounds 
present. The decay, or slow combustion, once begun, is 
self- sustaining ; IVesh portions of oxygen being continually 
roused to activity by the process itself, precisely as in 
ordinary burning (130). 
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When the nitrogenized vegetable compounds are 
burnt^ the nitrogen passes off' in a free state ; livhen 
they decay, combined with hydrogen as ammonia. 

140. Rusting. — The slow combustion of metals is 
called nesting; and the oxide formed is called Tttst. All 
the familiar metals, except silver, gold, and platinum, are 
tarnished on exposure to tlie air ; that is, they become 
covered with a film of rust, or oxide. 

That heat is developed by rusting, as by other kinds of 
slow combustion, is shown by the fact that if a large pile 
of iron-filings be moistened and exposed to the action of 
the air so that they rust rapidly, the temperature rises 
perceptibly. 

A remarkable case of heat developed by rusting oc- 
curred in England during the manufacture of a subma- 
rine electric cable. The copper wire of the cable was 
covered with gutta-percha, far, and hemp, and the whole 
enclosed in a casing of iron wire. The cable, as it was 
finished, was coiled in tanks filled with water : these 
tanks leaked, and the water was therefore drawn off", 
leaving about 163 nautical miles of cable coiled in a mass 
30 feet in diameter (with a space in the centre 6 feet in 
diameter) and 8 feet high. It rusted so rapidly that the 
temperature in the centre of the coil rose in four days 
from 66^ to 79°, though tiie temperature of the air did 
not rise above 66° during the period, and was as low as 
59" part of the time. The mass would have become even 
hotter, had it not been cooled by pouring on water, 

141. Spontaneous Combustion. — When charcoal which 
has been finely pulverized for making gunpowder is ex- 
posed in large heaps, the oxygen of the air combines 
with it slowly at first ; but, as the heat developed accu- 
mulates, the oxidation becomes more rapid, until in some 
cases the mass takes fire and burns. 

So too, when cotton or tow, which has been used for 
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VYiping machinery, and has become saturated with oU, is 
laid aside in heaps, it begins to oxidize slowly ; but the 
heat developed makes the combustion more and more 
rapid, until sometimes the heap bursts into a flame. 

This rapid combustion, developed gradually from slow 
combustion, is called spontaneous combTistion. 

142. Respiration. — The albuminous or nitrogenized 
compounds, w^hich form but a small part of the plant, 
make up almost the entire bulk of the animal, so that 
animal substances are even more prone to decay than 
vegetable. And this decay Is not confined, as we might 
suppose, to dead animal matter, but is constantly going 
on in the living animal. The only difference is, tliat in 
the latter case the loss from decay is continually repaired, 
while in tlie former case it is not. The materials for the 
repair of the living body are furnished by 'ihcfood. 

This food is mainly made up of three classes of sub- 
stances : (i) non-nitrogenized, as starch and sugar ; 
(2) nitrogenized, as lean meat; and (3) fatty sub- 
Stances, as butter. AU three kinds are absolutely ne- 
cessary to the life of man. They are all contained in 
milk, which may be regarded as " the type of animal 
food." It contains sugar, which belongs to the first of 
the above classes ; caseins, or curd, which belongs to the 
second ; and butter, which belongs to the third. Bread 
also contains all three kinds of food ; being made up of 
(i) starch, (a) gluten (the most important nitrogenized 
constituent of wheat and other grain), and (3) a small 
quantity of oil. A man cannot live for any length of 
time on any one kind of food, as starch or butter, or on 
any mixture of kinds of food, which does not contain all 
three classes of substances. 

The different classes of food serve different purposes 
in the body. The nitrogenized and a part of the^/^_j' 
substances supply the waste which results from the action 
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of the varied machinery of the body. They renew the 
muscles, sinews, and nerves, which are constantly wear- 
ing out. On the other hand, the non-nitrogenized sub- 
stances, as starch and sugar, probably tal^e no part in 
repairing the machinery, but merely furnish ftiel to keep 
up the heat of the body. To produce heat they must 
be burnt up, and we shall see that the process is an- 
other example of slo-m combustion. 

Starch and sugar make up by far the greatest part of 
this fuel, and in fact of our food generally. They are 
almost identical in composition, and starch can readily 
be converted into sugar. When taken into the stomach, 
starch undergoes this change, and the sugar then readily 
dissolves in the water present. The solution is ab- 
sorbed by the veins, and becomes mingled with the 
blood, which carries it to the heart. By the heart, which 
is made up of two force-pumps, the blood is forced 
through the kmgs. These are composed of millions of 
little membranous bags or air-cells, closely packed to- 
gether, and all connected by means of tubes with the 
windpipe, and thus with the nose and mouth. The 
membrane of the cells is very thin, so that they are easily 
compressed. The w^hole mass of the lungs is also very 
elastic, and by the action of muscles they are alternately 
expanded and contracted as we breathe. Wiien they ex- 
pand, tlie air from without rushes in and fills the cells ; 
and when tliey contract, this air is forced out again. 

We have said tliat the blood charged with sugar is 
forced through the lungs. The tube, or artery., which 
conveys it, divides and subdivides, until it is reduced to 
very small capillary tubes, which form a delicate network 
on the surfaces of the air-cells. The walls of these capil- 
laries are very thin, and the oxygen of the air readily 
passes through them, by a process called osmose, and 
mingles with the blood. At the same time, and in the 
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same way, carbonic acid is given out by the blood, and 
mixes with the air. The blood, holding in solution both 
sugar and oxygen, now goes back to the heart ; and by 
the second force-pump it is sent to all parts of the body. 
In the mean time, the sugar is burnt up by the oxygen 
which was absorbed in the lungs. 

" Sugar, like wood, consists of carbon, hydrogen, and 
oxygen. The last two are present in the proportions to 
form water, so that sugar may be said to be composed of 
charcoal and water. Of these two substances the char- 
coal only is combustible. This, during the circulation of 
the blood, is slowly burnt up by the dissolved oxygen, 
and converted into carbonic acid, -which remains in solu- 
tion until it is discharged, when the blood returns again 
to the lungs, or else escapes through the skin." • 

Respiration, then, is a kind of combustion, in which 
"the fuel is sugar, and the smoke carbonic acid and 
aqueous vapor." The presence of carbonic acid in the 
air, from the lungs, may be proved by breathing through 
a glass tube into lime-water, which soon becomes milky. 
The presence of the watery vapor may be sho^vn by 
breathing upon any cold substance. 

The weight of carbonic acid breathed out by a full- 
grown man, in a day, varies from I to 3 pounds, or from 
9 to 27 cubic feet ; and the weight of carbon burnt is 
from 5 to 15 ounces. The amount of heat produced is 
of course the same as would be set free by burning tlie 
same weight of charcoal in a stove. The temperature of 
the body is thus kept above that of the air ; the heat 

* Cooke's "Religion and Chemistry." The greater part of 
§S '35-137 and 140-142 has been condensed from the 3d and 4th 
Lectures in this admirable series. We cannot too strongly com- 
mend the book to teachers. They will be certain to draw from 
it, for the purposes of oral instruction, far more largely than our 
limits have permitted here. 
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of the blood, even in the coldest climate, being main- 
tained at 96°. 

" In regulating the temperature of his body, man fol- 
lows instinctively the same rules of common sense which 
he applies in warming his dwellings. In proportion as 
the climate is cold, he supplies the loss of heat by burn- 
ing more fuel in his lungs, and hence the statements of 
arctic voyagers, who have told us that twelve pounds 
of tallow-candlcs make only an average meal for an 
Esquimaux, are not inconsistent with the deductions of 
science." 

143. SloTV and Rapid Combustion of Sugar, — We 
may compare the rapid combustion of sugar in air with 
its slow combustion in the body, by the following ex- 
periment: Take 2 ounces of pulverized sugai', or the 
average quantity burnt in the body of a man in an hour, 
and mix it with 5^ ounces of pulverized potassic chlorate. 
We have then the sugar and the solidified oxygen of the 
chlorate mingled as in the blood ; but the oxygen is pas- 
sive, and will not combine ^vith the sugar, until roused 
to activity. A single drop of sulphuric acid let fall upon 
the mixture serves to awaken its dormant energy; and 
the mass is consumed in an instant, with intense evolu- 
tion of heat and light. The amount of heat concentrated 
in this momentary burst of flame is no greater than would 
have been generated in the blood in tlie course of an 
hour. 

" The splendid displays of combustion arrest our at- 
tention by their very brilliancy, while we overlook the 
silent yet ceaseless processes of respiration and decay, 
before which, in importance and magnitude, the greatest 
conflagrations sink into insignificance. These ai*e but 
tire spasmodic efforts of nature ; those, the appointed 
means by which the harmony and order of creation are 
preserved." 
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144. The Daily Consumpt fOy n I\ature. 
— "Faraday has roughly esti t d tl t th t of 

oxygen required daily, to supply tl i f tl h man 

race, is at least one thousand m 11 f p 1 that 

required for the respiration of th 1 a 1 at 

least twice as much as this, wl 1 th 1 j t pro- 
cesses of decay require certainly no less than four thou- 
sand millions of pounds more, making a total a^regate 
of seven thousand millions of pounds required to carry 
on these processes of nature alone. Compared with this, 
the one thousand millions of pounds which, as Faraday 
estimates, are sufficient to sustain all the artificial fires 
lighted by man, from the camp-fire of the savage to the 
roaring blaze of the blast-fiirnace, or the raging flames of 
a grand conflagration, seem small indeed. 

Amount of Oxygen required Daily. 

Whole population 1,000,000,000 

Animals 3,000,000,000 

Combustion and fermentation . 1,000,000,000 
Decay and other processes , . 4,000,000,000 



Oxygen required daily . , = 8,000,000,000 lbs. 

" How utterly inconceivable are these numbers, which 
measure the magnitude of nature's processes, — eight 
thousand millions of pounds of oxygen consumed in a 
'.mglc day ! When reduced to tons, the number is 
equally beyond our grasp ; for it corresponds to no !ess 
than 3,571,428 tons. If such be the daily requisition of 
tjiis gas, will not the oxygen of the atmosphere be in time 
exhausted.'' It is not difficult to calculate approximately 
the whole amount of oxygen in the atmosphere. It is 
equal to about 1,178,158 thousand millions of tons; a 
supply which, at the present rate of consumption, would 
last about nine hundred thousand years." 
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THE GROWTH OF PLANTS. 

145. 7%e Embryo Plant in the Seed. — How do 
plants grow ? How does the tiny seed become the leafy 
herb ? How does the little acorn develop into tlie giant 
oak? We shall get the best answer to these questions by 
tracing a plant through ita whole growth. 

The seed is formed in the flower, the essential parts of 
w^hich are the stamens and tlie pistil. The stamens 
bear the anthers^ and tiiese contain the pollen. Tlie 
pistil is in the centre of tlie flower. It encloses in its 
ovary tlie ovules^ which, when ripened, become seeds. 

In the ripe seed we find the embryo, which is a mini- 
ature plant with stem and leaves. How has this embryo 
been formed ' 

Vt 1 cc ta t e 1 1 ttle ca ty s fo ed n the centre 
of the o\ule v tl tl e p st 1 Ih s c v ty s called tl e 
J. ^ e»br\o ac and n arked j F gure 

20 W tl n tl s sac t ts pper e d 
ve see a t ho\ o v s le 

Th s s tl e first ge n of tl e en b 5 o 
1 ut order th^t t y beg n ts de 
elop ne t t m st be acted pon 1 \ 
tl e polle Tl s we see tl e fo n 
f small Efi s, a eat go tl e t p 
of tl e p St 1 It has fallen f o n tl e 
inthera, and lodged here ; and now it 
)ut a very fine and delicate tube, 
the pollen-tube, which pierces the tis- 
sue ot the pistil, and extends itself 
mtd t reaches the vesicle, v. Its con- 
tict V, th this microscopic particle of 
mste o IS power of making it begin to 
groiv tnd thus foim the embryo. 

The veside is it fiist a single cell; that is, a mem- 
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branous globule, filled with liquid, in which minute par- 
ticles can sometimes be discerned. After it has been 
acted upon by the pollen-tube, it enlarges somewhat, and 
a partition forms across its interior, dividing it Into two 
cells. Each of these grows and divides in like manner, 
and thus a cluster of cells is formed. Afler a time the 
mass begins to take a definite shape. One end becomes 
the radicle, or the beginning of the root of the plant ; 
and the other divides into two parts, which develop into 
the cotyledons^ or seed-leaves. It is now a perfect em- 
bryo, a miniature plant, with root, stem, and leaves, but 
still shut up in the seed. 

146. The Plantlet. — The growth of the plant in the 
seed, and out of the seed, is essentially the same process. 
The same division and multi- ^^ 

plication of cells continues, and 
all the parts of tlie plant aie 
formed by the clustering or ag- 
gregation of these cells. The 
cells are too minute to be dis- 
tinguished with the naked e\e, 
but the microscope shows them 
in every portion of the plant / [ 
Figure 21 shows a thin slice of / 1 
a rootlet, cut crosswise and 
lengthwise, as it appears when 
highly magnified. We see tiiit the whole stiucture is 
cellular; that is, made np oi cells ciowded together. 
A single cell is represented in Figure 22 The natural 
shape of die cell is spherical ; but when cells are clus- 
tered or crowded togedier, they compress one another 
into the shape in which we see them in these figures. 
Where they are not thus squeezed, they are generally 
found to be spheres, more or less perfect. They vary 
in size, from about die thirtietli to tlie tliousandth of an 
inch in diameter. 
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At first the cells are all alike in shape and in text- 
ure ; but they are greatly modified in both respects in 
Fig a. forming the varied tissues of the plant. 
They may be lengthened ont into tubes, 
as in the fibres of cotton, vAich are 
single cells thus drawn out. The soft, 
thin membrane which encloses them may 
become hard and tliick, as In the shell of 
a walnut or the tough wood of an oak. 
They may he closely crowded together, and nearly 
filled up with solid matter ; or they may be loosely 
interlaced, and form vessels to contain the vegetable 
juices. Their contents are as varied as their structure, 
and, seen through the transparent avails, give rise to all 
the manifold colors of leaf and flower and fruit. 

Figure 23 (from Wood's " Class-book of Botany ") 
shows a few of the varied forms which cells assume. At 
die top we have wood-cells from the fibre of flax. Below 




are represented tlic many-sided cells of the pith of elder ; 
stellate (star-shaped) cells of the pith of the rush ; spher- 
ical cells of the houseleek ; and wood-cells of the oak. 

147. Organic Structure. — This cellular sti'ucture is 
the characteristic of organic beings ; that is, plants and 
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animals., as distinguished from inorganic things, or 
minerals ; and hence it is called organic structure. The 
cell is " tlie simpltst form of organic life," whether vege- 
table or animal. Cells are the finits of which tlie most 
complicated organic tissues are made up. They are es- 
sentially different, then, from the particles into which an 
inorganic or mineral substance may be divided. Each 
of these particles has all the properties of the mass from 
which it was separated ; and if we divide it into yet 
smaller particles, the same will be true of those ; and so 
on indefinitely. But if we cut a cell in two, the halves 
do not have the properties of the whole ; they are not 
smaller units, but the fragments of a unit. 

14S. The Food of iVaw^j. — Plants get their food 
from the earth and the air, but much tlie greater part 
from the air. We know that there arc plants which 
flourish in the most barren soil, or even upon the naked 
rock, and that some live and grow suspended in the air, 
and having no contact with the earth. Even those which 
demand a rich soil are indirectly indebted to the air for 
w^hat they draw from the earth. The soil owes its fer- 
tility to the decomposition of organic matter ; and this 
oi-ganic matter was originally produced by plants which 
had no rich soil to draw from, but were dependent 
mainly upon the air. 

The atmosphere, then, is the storehouse from which 
plants directly or indirectly obtain nearly all their food. 
The portion \vhich is purely of earthy origin is always 
insignificant, and often it is nothing at all. In fact, plants 
give to the earth far more tlian they get from it. This 
is illustrated by the accumulation of vegetable organic 
matter in the soil wherever vegetation is undisturbed 
from year to year. In uncultivated fields and in pri- 
meval forests we often find a great depth of rich mould. 
The more rank and luxuriant the vegetation, the more 
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rapidly this deposit increases, showing that the plants 
not only restore to the soil all that they have drawn from 
it, but are continually transferring fresh matter from the 
aerial storehouses to the earth. 

But while tlie soil is enriched by undisturbed vege- 
tation, it is impoverished by agriculture. The farmer 
carries away the crop from the field, with all that it has 
taken from both the earth and the air. The land cannot 
yield in this way year after year, unless he follows the 
example of nature, and restores to the soil an equivalent 
for what he removes. This he can do by the use of 



149. The Earthy Portion of the Plant, — If we burn 
wood or any other vegetable substance, almost all of it is 
dissipated into air. But a little ashes will remain ; and 
these represent the earthy or inorganic portion of the 
plant. They consist mainly of alkaline chlorides, potash, 
soda, silica, inetallic phosphates, calcic and magnesic 
carbonates, and ferric and manganic oxides. These are 
dissolved in the water w^hicli soaks through the soil and 
which is taken up by the roots of tlie plant. Much of 
tlie water is evaporated tlirough the leaves, but the sub- 
stances which it held in solution remain behind, and 
thus gradually accumulate in tlie tissues of the plant. 

S nee tl e pla t must obtain from the soil the inoi^anic 
n e als t eeds, it is evident tiiat it will flourish only 
in 1 so 1 CO ta ig tliose materials. This explains why 
ce ta plants th ive only in certain situations, A locality 
n ay be fe t le for some species of vegetation and barren 
fo ot e Tl e pines, which need little alkaline matter, 
will flourish in a sandy soil containing little alkali ; but 
the maples and elms, which require a good deal of pot- 
ash, cannot live in such a soil. 

We have said that the farmer, who carries away the 
produce of tlie tield with all that it has drawn from the 
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soil, must restore in the form of manure an equivalent for 
what he removes, or the field will soon become impover- 

" A medium crop of wheat takes from one acre of 
ground about I3 pounds; a crop of beans, about 20 
pounds ; and a crop of beets, about 11 pounds of phos- 
phoric acid, besides a very large quantity of potash and 
soda. It is obvious that such a process tends continually 
to exhaust arable land of the mineral substances useful to 
vegetation which it contains, and that a time must come, 
when, without supplies of such mineral matters, the land 
would become unproductive from their abstraction. . . . 
In. the neighborhood of lai^e and populous towns, for 
instance, where the interest of the farmer and market- 
gardcncr is to send the largest possible quantity of pro- 
duce to market, consuming the least possible quantity on 
the spot, the want of saline principles in the soil would 
very soon be felt, were it not that for every wagon-load 
of greens and carrots, fruit and potatoes, corn and straw, 
that finds its way into the city, a wagon-load of dung, 
containing each and every one of these principles locked 
up in the several crops, is returned to the land, and 
proves enough, and often more than enough, to replace 
all that has been carried away from it." — Boussin- 

GAULT. 

This renewal of fertility is sometimes attained by let- 
ting the field lie fallow., or uncultivated, for one or more 
years. The inorganic materials of the soil are mainly 
furnished by the gradual disintegration of the rocks; and 
while the field lies fallow diis process is going on, under 
tlie influence of the oxygen and carbonic acid of the air, 
aided by the rains and changes of temperature. In this 
way, fresh portions of the rocks or of their ruins are 
rendered soluble and thus fitted for the nourishment of 
plants. 
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An alternation o/'cro/j may answer the same puipose 
Hs letting the field lie fallow. For instance, ■wheat and 
potatoes may be raised on the ground in alternate years. 
The wheat requires a large amount of silica and alkaline 
matter, while the potatoes take up no silica. The re- 
newal of the soluble silica in the soil therefore goes on, 
while the potatoes are growing, as it would if the field 
were fallow. 

Some soils abound in silicates so readily decomposed, 
that in every one or two years a sufficient supply for a crop 
of -wheat becomes soluble. In Hungary there are large 
districts where wheat and tobacco have been raised alter- 
nately upon the same soil for centuries, the land never 
receiving back any of the mineral matter which is car- 
ried away with the crops. On the other hand, there are 
fields in which the amount of soluble silica required for 
a single crop of wheat is not separated from the insoluble 
masses in the soil in less than three or four years. 

150. The Organic Portion of the Plant. — When 
we burnt the vegetable matter, much the greater part 
of it passed off into the air. This was the organic por- 
tion of the plant. It was taken from the air, and the 
burning has given it back in the very form In which the 
plant found it there. 

We have learned that all the vegetable tissues, how- 
ever varied in their texture and consistency, are almost 
entirely made up of the same kind of cells. The sub- 
stance of which these cells are made is called cellulose, 
GT -woody fibre ; and it is a compound of carbon, hydro- 
gen, and oxygen, Cj^H^oO^^. We have also learned that 
the plant contains small quantities of albuminous com- 
pounds (139), which, in addition to the elements just 
named, contain nitrogen. These four elements, then, 
are essential to the gj'owth of the plant, and must be con- 
tained in its food. 
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151. The Plant gets Hydrogen and Oxygen from 
Water. — The hydrogen and the oxygen of the cellulose 

are obtained from the water which the plant takes in, 
not only through its roots, but through its leaves. It will 
be noticed that water contains hydrogen and oxygen ia 
the same proportions as cellulose does. 

152. The Plant gets Carbon from Carbonic Acid. ^ 
We have learned that cai^bon is a solid, and insoluble in 
water. Even if it were reduced to tlie finest powder and 
mixed witli the water, it could not be taken up by tlie 
plant, since nothing but liquids and gases can pass 
through tlie walls of the cells. It must, then, be furnished 
to tlie plant in some liquid or gaseous compound, like 
the carbonic acid, which, as we have seen, is one of the 
gases mixed in the atmosphere. 

Now if a leafy plant be placed under a glass vessel 
and set in tlic sunshine, and a stream of carbonic acid 
be made to pass slowly over it, it is found that a part of 
the carbonic acid is removed and replaced by oxygen. 
The plant absorbs die carbonic acid, decomposes it, re- 
tains the carbon, and exhales tlie oxygen. 

We conclude, then, that it is from the carbonic acid 
in the atmosphere that plants get their carbon. In the 
leaves, under the influence of sunlight, tlie carbonic acid 
is decomposed, tlie carbon stored away in tlie plant, and 
tlie oxygen given back to the air. 

Since carbonic acid Is soluble in water, it is probable 
that plants also obtain a part of their carbon through die 
roots. Plants which live under water must get all their 
carbon from the gas dissolved in the water. 

153. The Plant gets Nitrogen from Ammonia.— 
We have learned {123) that there is ammonia in the at- 
mosphere, and (37) tliat this gas is very soluble in water. 
Hence it is washed out of the air by the rain, and, thus 
dissolved in water, is taken up by the roots of plants. 
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154. The Growth of Plants is a Chemical Process 
carried on in the Leaf by the Sunlight. -— We have 
seen that the plant takes in water, carbonic acid, and 
ammonia ; that it decomposes these substances ; and 
that from their elements it elaborates all the organic 
compounds which enter into its own stnicture. The 
leaf is the laboratory in which this chemical process is 
conducted, and since it is only in sunshine or bright day- 
light that the work goes on, it is evident that the sunlight 
is the agency by which it is accomplished. 

" The sun's rays, acting on the green parts of the leaf, 
give to them the power of absorbing water, carbonic acid, 
and ammonia, and of constructing from the materials thus 
obtained the woody fibre, starch, sugar, and other com- 
pounds of which the plant consists. We have analyzed 
the woody fibre, and ^ve know that it is composed of 
charcoal and water. Nineteen ounces of wood contain 
nine ounces of charcoal and ten ounces of water. More- 
over, tlie amount of charcoal required to make nineteen 
ounces of w^ood is contained in thirtj'-three ounces of car- 
bonic acid. If, then, we add together thirty-three ounces 
of carbonic acid and ten ounces of water, and subtract 
from this sum twenty-four ounces of oxygen, we shall 
have just the composition of wood. This is what the 
sun's light accomplishes in the leaves of the plant. It 
decomposes the carbonic acid, and unites its carbon to 
the elements of water to form the ■wood." — Cooke. 

What is here stated to be true of wood is equally true 
of other vegetable products. If in their production car- 
bonic acid and water alone take part, we have such 
substances as woody fibre, starch, sugar, and gum ; and 
these make up nine-tenths of all vegetable structures. If 
the ammonia is likewise employed in the process, we 
have nitrogenized products, like albumen and caseine. 

The force which the sunbeam exerts in the decomposi- 
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tion of carbonic acid in the leaf is very remarkable, since 
it overcomes tlie intense affinity of oxygen for carbon. 

"In order to decompose carbonic acid in our labora- 
tories, we are obliged to resort to the most powerful 
cbemical agents, and to conduct the process in vessels 
composed of the most resisting materials, under all the 
violent manifestations of light and heat, and we then suc- 
ceed in liberating the carbon only by shutting up the 
oxygen in a still stronger prison ; but under the quiet 
influences of the sunbeam, and in that most delicate of 
all structures, a vegetable cell, the chains which unite 
together the two elements fall off, and, while the solid 
carbon is retained to build up the organic structure, the 
oxygen is allowed to return to its home in the atmos- 
phere. There is not in the whole range of chemistry a 
process more wonderful than this. We return to it 
again and again, with ever increasing wonder and ad- 
miration, amazed at the apparent inefficiency of the 
means, and the stupendous magnitude of the result. 
When standing before a grand conflagration, witnessing 
the display of mighty energies there in action, and seeing 
the elements rushing into combination with a force which 
no human agency can withstand, does it seem as if any 
power could undo that work of destruction, and rebuild 
those beams and rafters which are disappearing in the 
flames ? Yet in a few years they will be rebuilt. This 
mighty force will be overcome; not, however, as we 
might expect, amidst the convulsion of nature, or the 
clashing of the elements, but silently, in a delicate leaf 
waving in the sunshine." — Cooke. 

155. Plants furify the Air for the Respiration of 
Animals. — We have learned (144) that by the various 
forms of combustion going on in nature, eight thousand 
millions of pounds of oxygen are daily removed from the 
atmosphere ; and that an immense amount of carbonic 
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rose-tiee wtrt once impiisoned in a cage of glass, and 
long lived together there, happy in each other's society. 
But at last the rose-tree withered and died ; and the bird 
soon pined away, and perished with grief at the loss of 
its beloved companion. The fancy of the poet ia in per- 
fect harmony with the facts of science, and prettily illus- 
trates the dependence of animals upon plants for the very 
breath of life. 

156. Plants prepare Food for Animals. — We have 
seen that the plant draws its food directly from the earth 
and the air. It has the power of forming organic com- 
pounds out of inorganic matter. The animal, on the 
other hand, has no such power. It can elaborate its tis- 
sues only from organic matter, which it receives ready- 
made from the vegetable kingdom. It may get tliis 
matter either directly from the plant, as when it eats 
vegetable food, or, indirectly, as when it eats animal 
food ; but in eitlier case the origin is the same. By 
the process of digestion the organic compounds origi- 
nally prepared by the plant are converted into bones, 
muscles, nerves, or whatever else enters into the struc- 
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tiire of the animal. In this process they do not undergo 
any radical change, hut merely " become parts of more 
finely organized tissues." We find in the blood albumen 
and casejne, having precisely the same composition as 
when prepared from potatoes, and the substance of the 
muscles does not differ essentially from the gluten of 
^vheat- flour, 

157, The Relations of Plants and Animals to each 
other and to the Air, — The plant, then, is a producer 
of organic materials ; the animal, a consumer of these 
materials. "While the plant is a true apparatus of re- 
duction, the animal is a true apparatus of combustion, in 
^vhich the substances it derived from the vegetable are 
burnt, and restored to the atmosphere in the form of car- 
bonic acid, water, and ammonia, ready to be again ab- 
sorbed by the plant and to repass through the phases of 
organic life. Our bodies are furnaces, — furnaces con- 
tinually burning, — whose fuel is our own flesh, and the 
smoke of whose fires is the food of the plant. . . . 

" When the foundations of tlie globe were laid, there 
were collected in tire atmosphere all the essential ele- 
ments of organized beings. From this inexhaustible 
storehouse the plant absorbs water, carbonic acid, and 
ammonia, which were placed there for its use, and which 
have been made to serve as its nourishment and food. 
It is the special office of the plant to elaborate from 
these few mineral substances, and a small amount of 
earthy salts, all the materials of organized beings. The 
animal receives these crude materials already prepared) 
and builds with them its various tissues ; but no sooner 
are tlie cell-walls finished, and tlie structure ready to dis- 
charge its vital functions, than it is consumed by almost 
the very act ■which gave it life. The carbonic acid, 
water, and ammonia are restored to the atmosphere, and 
liie cycle is complete." — Cooke. 
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15S, Starch. — StarcJi has already been mentioned as 
one of the most important products of vegetable growtli. 
Its chemical composition is precisely the same as that of 
woody fibre, Cj^H^^Ojo. It consists of round or oval 
granules, varying considerably in size in different vege- 
tables. The largest are about ^jTjth, and tire smallest 
less than ■sii'trtjtli of an inch in diameter. In the potato 
(Figure 34) they are considerably larger than in wheat- 




flour (Figure 25). These granules consist of concentric 
layers, formed one after another, about a nucleus or 
centre. Lines, indicating these layers, can sometimes be 
seen on the surface of the larger grains, as in those of 
potato starch in the figure. Since the grains from the 
same kind of plant are tolerably uniform in size and 
shape, while they vary much in different species, the 
microscope will show to what plant starch-grains be- 
long. Adulterations of arrowroot, and of other starchy 
substances, may thus be detected. 

Starch is heavier than water, and is insoluble in cold 
water, alcohol, or ether. If, however, it be placed in 
water at 150°, the grains swell up and burst, forming 
a paste or jelly. When long boiled in water, starch 
is converted into the sohible dextrine (163). 

The test for starch is iodine, with which it forms a 
compound of a deep blue color (60). Bromine gives 
starch a brilliant orange tint. 



loy Google 





THE ATMOSPHERE. 

Starch is the form in which food is stoicd Fi 
up ill the plant for future use. In tlie seed, it 
furnishes tlie material for the grow th of tlie 
embryo, before it can draw its nourishment • 
from the earth and die air. It sometimes I 
surrounds the embryo, as in the seed ot tlie " 
onion (Figure 26) ; and sometimes it 1 
found in the cotyledons, or "feed haves, of 
the embryo itself, as in the seed of tlie be m (Figure 
When the seed germinates, the Yi%. 27. 

starch is dissolved, and converted 
into dextrine, and this into sugar, 
which is even more soluble. It is 
then dissolved in the sap, which 
conveys it wherever it is needed 
for the growth of the infant plant. 

Several forms of starch are ex- 
tensively used as articles of food. Arr<rwrooi ia obtained 
from the roots of a tropical plant, ■which is cultivated in 
the West Indies, especially in Bermuda and Jamaica, and 
to some extent in the East Indies and in Africa. Tafioca 
is also made from tlie roots of plants which grow in the 
West Indies, South America, and Africa. Sa^o is ex- 
tracted from the pith of several species of palm-tree, in 
India and the islands of the Indian Archipelago, Corn- 
starch, ntaizena, and _fartna, and various other prepa- 
rations of the kind, are made from the starch of Indian 
corn, wheat, etc. Potatoes yield from 12 to 27 per cent 
of starch ; peas and beans from 33 to 36 per cent ; wheat- 
flour, 56 to 72 per cent ; rye-meal, 61 per cent ; maize, 
Si per cent ; rice, 83 to 85 per cent. 

Starch is also used in largo quantities for laundry pur- 
poses ; in the manufacture of cotton cloth, as a sizing for 
the thread ; and in the making of dextrine and grape- 
sugar (161, 163). 
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i^ig. Sugar.- — -Sugar, like starch, is a vegetable prod- 
uct, prepared for the future growth of the plant. It is 
found, dissolved, in varying proportions, in the juices of 
all plants. In ripe fruits it is quite abundant ; pears con- 
taining 6 per cent ; peaches, i6J^ per cent; and cherries, 
iS per cent. In rye-raeal there is about 3^ per cent of 
sugar ; in wheat-flour, from 4 to 8 per cent ; in beet-root, 
from 5 to 8 per cent ; and in dried figs, more than 60 
per cent. 

There are Kiany kinds of sugar, of which the two most 
important are cans'SUffar axiA grape-suffar. 

160. Cane-Sugar. — Cane-sugar, Cj^H^^O^, is found 
in the juices of many plants. It is mostly prepared from 
tlie juice of the sugar-cane; but on the Continent of 
Europe, it is largely made from beet-juice. In tropical 
regions, it is also manufactured from tlie juice of the 
date-paltn I and in the Northern United States it is 
obtained in considerable quantities from the sap of the 
rock or sugar maple. 

In the manufacture of sugar from sugar-cane, the juice 
is first extracted from the canes by pressure, then mixed 
with a small quantity of slaked lime, and heated nearly 
to boiling. The lime serves to neutralize the acid in the 
juice, and also to remove the albuminous matter, which, 
if left in tlie sugar, would soon cause it to ferment and 
spoil. The juice is next evaporated in open pans to a 
thick syrup, which is allowed to cool and crystallize, and 
is then drained in perforated casks. The liquid drained 
off is known as molasses. 

By this process, roiv or brotvn sugar is obtained. 
This is refined by dissolving it in water, adding albumen 
(usually from ox-blood), and heating it. The albumen 
separates most of the impurities from the solution, which 
is tJien filtered tlirough bone-black to remove the coloring 
matter. It is then boiled down in vacuum pans, large 
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vessels from which the air is partially exhausted by 
pumps, in order that the evaporation may be carried on 
at a lower temperature than in open pans. By this pro- 
cess there is a saving of fuel, while the quantity of sugar 
obtained is increased. The concentrated syrup is crys- 
tallized in conical moulds, with an opening at the bottom 
for drainage, and thus becomes loaf-sugar. 

When sugar crystallizes very slowly, it forms the large 
and very hard crystals seen in rock-candy. In making 
loaf-sugar, the syrup is frequently stirred, to prevent the 
formation of these large crystals. 

If cane-sugar be heated to about 400°, it loses two 
atoms of water, and is converted into caramel^ a dark 
brown substance, much used for coloring brandy and 
otlier spirits. 

The manufacture of sugar from the sugar-cane, and 
otiier sources, is now one of the largest branches of 
human industry, but its importance is of comparatively 
modern date. Sugar was known to the Greeks and 
Romans only as a medicine or a curiosity. For several 
centuries after the Augustan age, we find scarcely any 
mention of it ; and, even so late as the seventh century, 
Paul of ^gina describes it as " India salt, resembling 
common salt in color and consistency, but honey in taste 
and flavor." The sugar-cane appears to have been intro- 
duced into Europe by the Saracens, who cultivated it in 
Rhodes, Cyprus, Crete, and Sicily, in the ninth century. 
In the fifteenth century, it was transplanted into Madeira 
and the Canaiy Isles, whence it was probably brought to 
America. It became known in England in the fourteenth 
century; and, in 1339, it was sold in Scotland at one 
ounce of silver (equal to four dollars of our money) a 
pound. It did not become an article of ordinary con- 
sumption until the beginning of tlie seventeenth century. 
Since that time its use has very rapidly increased, and it 
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seems destined to an indefinite extension, " It is so nu- 
tritious, ■wholesome, and agreeable, that there never can 
be a limit to its use, except in a prohibition or an ina- 
bility to buy it. Men and nations differ widely In respect 
to most kinds of food, sauce, and drinks, Neidier wheat, 
rice, flesh, nor potatoes can command unanimous favor. 
No article of housekeeping, save sugar, can be named, 
which is so universally acceptable to the infant and the 
aged, tlie civilized and the savage." 

The annual production of sugar throughout the world 
is estimated at more than 5,000 millions of pounds, of 
which nearly 88 per cent is cane-sugar ; about "j per cent, 
beet-sugar ; 4 per cent, palm-sugar ; and about i per cent, 
maple-sugar. According to Chambers's Eucyclop£edia 
(1867), the yearly consumption Jbr each inhabitant, 
in several great countries, is as follows : Russia, i^ lbs, ; 
Austria, i^ lbs. ; France, 4 lbs. ; Belgium, 6 lbs, ; Great 
Britain, 30 lbs. ; United States, 40 lbs. 

161. Grape-Sugar. — Grape-sugar, or glycose (less 
properly s^€iS.^& glucose), CjaHj^O,,, is found in the juice 
of grapes, plums, cherries, figs, and many other fruits, 
and may ofl:en be seen in a crystalline form on raisins 
and dried figs. It like^vise occurs in honey. 

It is manufactured on a large scale, in Europe, from 
starch. A mixture of stavch and water, at a temperature 
of about 130°, is made to flow gradually into a vat, con- 
taining boiling water, acidulated with one per cent of 
sulphuric acid. In about half an hour, the starch is con- 
verted into sugar. The sulphuric acid is neutralized 
with chalk, forming a deposit of calcic sulphate ; and the 
clear solution of sugar is then boiled down and crystal- 
lized. Instead of starch, in this process, paper, flax, 
cotton and linen rags, sawdust, or any other form of 
woody fibre, may be used. The woody fibre is first con- 
verted into starch, and then into sugar. 
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Glycose is largely used in Europe for confectionery, 
for adulterating cane-sugar, and for die manufacture of 
beer and spirits. 

i6z. Dextrine. — Dextrine, or British gum, C^HjuO,,,, 
is obtained by heating starch to about 400° ; or by sub- 
jecting the starch to the long-continued action of dilute 
acids, at a high temperature. It is often used instead of 
gum-arabic in calico-printing, and for stiffening certain 
goods. It is also applied to the back of postage- stamps 
and other adhesive labels. 

When wheaten bread is baked, a small quantity of 
starch is converted into dextrine on the outside of the 
crust, forming a brownish glazing. 

163. Cellulose and Gun-Cotton. — Cellulose, or woody 
fibre, Cj^HjoOio, has already been described (150). It is 
insoluble in water, alcohol, or etiicr, but dissolves in an 
ammoniacal solution of cupric oxide (oxide of copper). 

Gurt'Cotton, or nitro-cellulose, is made by tlie action 
of strong nitric acid upon cellulose. Cotton wool is im- 
mersed, in small portions at a time, in a mixture of equal 
volumes of strong nitric and sulphuric acids. It does not 
undergo any apparent change ; but, on being washed and 
dried, it is found to be veiy inflammable. Six atoms of 
its hydrogen have been replaced by NO^, so that its com- 
position is now represented by Cj^Hj^ (NOj)^©,^,, 

The use of gun-cotton, as a subs6tute for gunpowder, 
has been proposed, for the following reasons :■ — ■ 

(i) The explosive force of gun-cotton is, weight for 
weight, greater than that of gunpowder. (3) The prod- 
ucts of tlie combustion of gun-cotton, being chiefly car- 
bonic acid and nitrogen, are not so apt to foul the gun. 
(3) When moistened., it becomes inexplosive, and only 
requires drying to render it again explosive. 

The reasons which render the general adoption of this 
substance doubtful are, — (i) its liability to explode on 
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percussion ; (3) the possibility of its spontaneous decora- 
position when kept for a length of time, 

A variety of gun-cotton, containing a smaller propor- 
tion of NOj, dissolves readily in a mixture of ether and 
alcohol, and yields a solution termed collodion. This is 
largely used for the purpose of forming a tliin coating on 
glass to receive silver salts, upon which the photographic 
image is formed. 

164. Vegetable Parchment. — When paper is im- 
mersed for a short time in a mixture of two volumes of 
oil of vitriol and one of iwatcr, and thoroughiy cleansed 
by repeated washings witli water, and finally with am- 
monia, it is changed into a substance resembling parch- 
ment, and often called vegetable -parchment. 

" The alteration which takes place in the paper is of a 
very remarkable kind. No chemical change is effected, 
nor is the weight increased ; but it appears that a molec- 
ular change takes place, and the material is placed in a 
transition state between the cellulose of woody fibre and 
dextrine." 

Vegetable parchment is now extensively used instead 
of parchment for legal and other documents. In some 
respects It is preferable to the old kind, for insects attack 

165. Vegetable Acids. — The acids of vegetable origin 
are almost innumerable. We shall describe here only a 
few of the most important. 

Tartaric acid, C^HgO,, is found, either free or com- 
bined with potash or lime, in tamarinds, grapes, pine- 
apples, and many other vegetables. It is usually seen in 
the form of colorless crystals, which have an agreeable 
acid taste, and are soluble in water and alcohol. It is 
used in large quantities in calico printing and dyeing, 
and also in medicine, especially for making effervescent 
draughts. Some of its more important compounds are 
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tfie familiar aibstances, Rochelle salts, cream of tartar^ 
and tartar-emetic. 

Citric acid^ C^HjO,, is usually prepared from lemons. 
It is also contained In gooseberries, currants, raspberries, 
strawberries, and otlier fruits. It is a crystalline solid, 
readily soluble in water, and has an intensely sour taste. 
It is used in silk-dyeing, in calico-printing, and in 
medicine. 

Malic acid, CjHjOj, is one of the most abundant of 
these vegetable acids. It is found in apples, from which 
(Latin, malum) it takes its name ; in currants, barberries, 
rhubarb, and many other fruits and plants. It forms 
needle-shaped crystals, which are very soluble in water 
and alcohol. It is not used in the arts or in medicine. 

Oxalic anhydride, C^O^, is not known in a free state. 
It is found in the juice of wood-sorrel {oxalis acetosella, 
from which it takes its name), and of many otlier plants, 
in combination with potash or lime. It forms a com- 
pound with water, HjC^Oj, which is oxalic acid. This 
is a crystalline substance, and is very poisonous. It is 
much used in cotton-printing and stra^v-ble aching, and is 
prepared in very lai^e quantities by the action of caustic 
potash on sawdust. Crude potassic oxalate (oxalate of 
potash) is thus formed, which, by means of lime, is con- 
verted into the insoluble calcic oxalate (oxalate of lime), 
and this is decomposed by sulphuric acid. 

Tannic acid and tannin are the names given by 
chemists to a number of compounds of C, H, and O, 
which are characterized by a well-marked astringent 
taste. They are soluble in water and alcohol, and form 
precipitates with most metallic oxides. Ferric salts yield 
black, or nearly black, precipitates, which are the basis of 
the ordinary writing inks. Tannic acid also precipitates 
gelatine (pT glue) ; and it is by a similar process that it 
converts the gelatinous tissue of raw hides into tanned 
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leather. The bark and leaves of most forest trees, such 
as the oak, elm, willow, horse-chestnut, and pine, and of 
many fruit-trees, as the pear and plum, contain consider- 
able quantities of tannin. Coffee and tea likewise con- 
tain modifications of this compound; but the tannin in 
coffee, unlike that from all the other plants we have 
named, does not form tlie black salt with iron. A drop 
of tea on a knife-blade becomes inky at once, but a drop 
of coflee does not, 

i66. Natural Fats and Oils. — The natural oils and 
fats (fats being merely solid or serai-solid oils) are all 
compounds of organic acids, called 'ih^ fatty acids, with 
a base called glycerine (167), and they are found in 
both plants and animals. Cocoa-nut oil, palm oil, and 
nutmeg butter are examples of vegetable fats. 

The vegetable oils are divided into the Jixed oils, 
v/hich cannot be distilled without decomposition, and the 
volatile oils, \vhich bear distillation without change. 
The Jixed oils are divided into drying and non-drying 
oils. The former become dry and solid from oxidation, 
when spread out thin and exposed to the air ; while the 
latter remain unaltered. The chief drying oils are those 
of linseed, hemp, poppy, and walnut, all much used in 
paints and varnishes ; and the most important non-drying 
oils are olive oil, almond oil, and colza oil, which are ex- 
tensively used in making soap, candles, and illuminating 
oils, in wool-dressing, and for many other purposes. 
Castor oil seems to form a connecting link between these 
two classes of oils, as It gradually becomes hard by long 
exposure to the air. 

The volatile or essential oils are believed to constitute 
tlie odorous principles of plants. Most of them are nearly 
colorless when fresh, but darken on exposure to light and 
air. When long exposed to the air, they absorb oxygen, 
and become resins. They are lai^ely used in the manu- 
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facture of perfumery ; for flavoring confectionery and 
liquors, and for various other purposes in the arts ; and 
in medicine, 

167. 6'oa^. — When the oils or fats are boiled witli an 
alkali, they undergo tlie remarkable change called sapon- 
ification. The fat is decomposed into a fatty acid and 
glycerine (166). The acid combines witli the alkali to 
form soa-p^ and the glycerine passes into solution. If the 
alkali be soda, a hard soap is formed ; if potash, a soft 
soap. The soaps, then, like the fats, are true salts. 

Fats may also bo separated into acid and glycerine by 
distillation with steam, at a temperature between 500° 
and 600°, 

Glycerine (C^HuOg), is a colorless viscid liquid, of a 
sweet taste (whence its name, -which is from a Greek 
word, meaning sweet), soluble in water and alcohol, but 
nearly insoluble in ether. It is used in medicine, in 
making copying-ink, and as a lubricating agent. 

The most important of the fatty acids are oleic, stearic, 
and paltnic, or palmitic. They are used on a large scale 
in the manufacture of candles. 

168. Wax. — The various forms of vegetable ivax re- 
semble in many respects the fixed oils, but are quite 
different from them in chemical composition. They ai'e 
solid or semi-solid substances ; easily broken when cold, 
but soft and pliable when moderately warm, and melting 
below 313°. They are insoluble in water and cold 
alcohol, but dissolve readily in ether ; they burn with a 
bright flame, and are not volatile. They are found as 
exudations on leaves and fruits, ^vhere they form the 
fflaucous surface, which repels water. Some fruits, as 
tlie bayberry, are thickly coated with wax. 

169. Gums and Resins.- — -In the strict sense, z gum 
is a substance which dissolves in water, forming a muci- 
lage ; but is insoluble in ether, alcohol, and oils. A resin. 
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on the other hand, is insoluble in water, and soluble in 
ether, alcohol, and oils. Guth arable and ffum Senegal 
are products of different species of acacia, and are exten- 
sively used in the arts. Gum tragacanth is the product 
of a shrub which grows in Persia and Asia Minor. It is 
only partially soluble in water, forming a white paste 
instead of a mucilage. It is used for paste and cement, 
and also for stiffening woven fabrics. Dextrine is now 
much used as a substitute for these and other gums (162). 

The resins are divided into the hard resins, the soft 
resins, and the gum-restns. The hard resins are brittle 
at ordinary temperatures, and are easily pulverized. The 
most important are copal, the varieties of lac, mastic, 
and sandarach. Thoy are much used for varnishes and 
for other purposes in the arts. The soft resins are easily 
moulded by the hand, and some of them are serai-i5uid, 
in which case they are called balsams. They consist 
essentially of hard resins dissolved in oils. On exposure 
to the air, they are oxidized and converted into hard 
resins. Under this head are placed turpentine, Canada 
balsam, etc. The giitn-resins are the milky juices of 
certain plants, solidified by exposure to the air. They 
consist of a mixture of gums, resins, and essential oils. 
Caoutchouc, or India rubber, is the most important of 
the gum-resins. It is obtained from several quite dif- 
ferent kinds of trees. The original India rubber of the 
East Indies is the product of a species of fig-tree. Gutta- 
percha is the dried milky juice of a tree found in Malacca 
and the neighboring islands. The applications of these 
two gum-resins in the arts are almost innumerable, and 
are continually increasing. Many valuable medicines are 
obtained from gums and resins. Amber is a. fossil resin. 

170. Vegetable Alkaloids. — A great variety of alka- 
line compounds, known as alkaloids, are produced by 
plants. They are mostly formed in the bark and in the 
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leaves. Among ihem are some of the most active poisons 
and some of the most valuable medicines, as morphine, 
strychnine^ and quinine. Tea and coffee owe their 
peculiar eiFects to the same alkaloid, theine. Opium is 
remarkable for the great number of these compounds 
which it contains. The narcotic po^ver of tobacco is due 
to a highly poisonous alkaloid called nicotine. 

iji. Proteine Bodies. — Under the term proteine 
bodies have been included the most important niiro- 
g-cnized products of plants, as albumen, caseine, and 
Jibrlne. They al! have essentially the same composition, 
containing about 53.6 per cent of carbon, 7.1 of hydro- 
gen, 15.6 of nitrogen, 23.1 of oxygen, and a varying 
quantity of sulphur not exceeding 1.6 per cent. They 
are found in animals as well as in plants, and there are 
several similar compounds found only in animals. 

The proteine bodies form the most essential articles of 
food for animals, since, as we have learned, nitrogenized 
compounds are indispensable to the repair of the ma- 
chinery of the body. And for these, as for all other con- 
stituents of their food, animals are directly or indirectly 
dependent on plants. 



SUMMARY. 

The atmosphere contains oxygen, nitrogen, carbonic 
acid, and watery vapor, with traces of ammonia and 
nitric anhydride. 

Ordinary combustion, decay, and respiration are chemi- 
cal processes, differing from one another mainly in the ra- 
pidity and the completeness with which they take place. 

The division of substances into combustibles and sup- 
porters of combustion is convenient, though merely con- 
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ventional ; since combustion consists in the chemical 
union of two or more elements, and, in reality, one of 
the elements is just as combustible as another. 

The present materials of tlie earth, being mainly com- 
pounds of hydrogen and carbon with oxygen, and of the 
metals with oxygen, chlorine, and sulphur, must be re- 
garded as products of combustion. 

The rusting of the metals is a process of slow com- 
bustion. 

The products of combustion, decay, and respiration 
arc chiefly carbonic acid, -wafer, and atnmonia. 

The growth of plants is a chemical process, carried on 
in the leaf by the agency of the sunbeam. In growing, 
plants remove from the air carbonic acid, water, and 
ammonia. These compounds are brolcen up ; the oxygen 
in part given baclc to the air ; and the other elements, 
w^ith the remaining oxygen, re-arranged so as to form 
the various vegetable compounds. 

By removing tlie pi-oducts of combustion, and restor- 
ing oxygen, plants purify the air for the respiration of 
animals. 

Animals derive all their food, directly or indirectly, 
from plants ; wliile plants derive their food, directly or 
indirectly, from the air. 

Most of the natural vegetable products are compounds 
of carbon, hydrogen, and oxygen ; but some contain 
nitrogen in addition to these, and arc, therefore, called 
nitrogenized compounds. Of the former class, the most 
important are starch, sugar, dextrine, the vegetable acids, 
the fats and oils, wax, tlie gums and resins, and the vege- 
table alkaloids ; of the latter class, the proteine bodies, 
including albumen, caseine, and fibrine. Tlie latter are 
the most essential articles of food for animals, since the 
nitrogenized products make up almost tlie entire bulli of 
the animal structure. 



loy Google 



DESTRUCTIVE DISTILLATION AND 
ITS PRODUCTS. 



173, When vegetable substances are heated in closed 
vessels, so as to exclude the oxygen of the air, they are 
broken up into a number of compounds, which vary vi^ith 
the temperature to which they have been exposed. 
When vegetable matter burns or decays, these oi^anic 
compounds, as we have seen, are broken up by the affin- 
ity of oxygen brought to bear upon them from without ; 
while in the other case they are broken up by the in- 
ternal action of heat. In the first case, new compounds 
are formed by the addition of new material ; in the 
second case, by subdivision, without any addition of new 
material. The first process is called combustion; the 
second, destructive distillation. 

173. The Preparation of Charcoal. — We have a 
very simple case of destructive distillation in the prepa- 
ration of charcoal. This process may be illustrated by 
putting pieces of dry wood into a flask, closed with a 
cork, through which a glass tube passes. This tube 
passes into a cold glass bottle, and thence to a jar over 
water. Heat the flask, and the wood turns black. 
The jar fills with an infiammable gas. Hold a cold 
glass vessel over the flame of this gas, and moisture 
collects upon it, showing that water is a product of the 
burning of this gas. Carbonic acid also is found to 
be produced. This gas obtained from tlie wood must, 
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therefore, be a compound of hydrogen and carbon. A 
part of the carbon of the wood combines with hydrogen, 
to form the inflammable gas ; while the greater part re- 
mains beliind as a black solid. This black residue is 
charcoal, a form of carbon. If the heating is continued, 
a liquid product is also obtained. 

One way of preparing charcoal is to place billets of 
wood in an iron cylinder, which is closed air-tight and 
heated to dull redness. The volatile products arc driven 
off and allowed to escape through a flue, and the solid 
charcoal remains behind. 

A ruder method is practised in tiie country, where 
wood is plenty. A stake is set in level ground, and 
brushwood heaped about its base. Wood is then stacked 
round the stake, so as to form a mound some 20 or 30 
feet in diameter. This mound is then covered, first with 
leaves or turf, and then with earth, leaving only a small 
opening at the bottom, through which the wood is set 
on fire. When the fire is well under way, the mound is 
covered more deeply and allowed to burn slowly out. 
This requires about a month. The burning of a part of 
the wood furnishes heat for charring the rest. 

174. The Products of the Distillation of Wood. — 
When hard wood, as beech, is subjected to destructive 
distillation in a retort, and the volatile products are 
condensed in a suitable vessel, four principal classes of 
substances are formed; (i) gases; (3) a watery fluid ; 
(3) a dark resinous fluid ; {4) charcoal. 

(i) This product is a mixture of inflammable gases, 
the most important of which are the two hydrocarbons 
(or compounds of hydrogen and carbon), marsh-gas, 
H,C, and olefant gas, H^C. 

(a) This product is an acrid liquid, known as fyro- 
ligneous acid, or wood vinegar, which is used in the 
manufacture of acetic acid. 
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(3) This product is "wood tar, a thick Hquid, insoluble 
in water, but soluble in alcohol. Its chief use formerly 
was for tarring and calking ships, but recently it has 
become an important source of illuminating and lubricat- 
ing oils. These oils will be described hereafter. 

(4) This product is the charcoal remaining in the 
retort. It is used chiefly as fuel and in reducing metal- 

175. Ingredients of Wood Tar. — When beech-wood 
tar is distilled, a light oil passes over first, called eupzon, 
or -wood naphtha. It ia now often sold under the name of 
benzole, and used as a burning-fluid, for removing oil- 
Stains from clothes, and for countless other purposes. It 
burns with a brilliant white flame, free from smoke ; hut 
its extreme inflammability makes it a dangerous liquid 
for lamps. 

After this light oil has distilled over, a heavy oil fol- 
lows. It contains various ingredients, the chief of which 
are creosote and farajine. 

176. Creosote. — This is an oily, colorless liquid, with 
a peculiar smoky odor. It has remarkable antiseptic (or 
preservative) properties. A piece of flesh steeped in a 
very dilute solution of it dries up into a murnmy-like 
substance, which refuses to decay. Meat, as tongues or 
hams, may be almost instantly cured by dipping it into 
a solution containing one part of creosote to 100 parts of 
water or brine. It is this substance which imparts to 
wood-smoke its property of preserving meat. It ia a 
compound of carbon, hydrogen, and oxygen. 

1 77. Paraffine. — This is a pearly-white, tasteless, and 
odorless solid. The most corrosive acids and alkalies 
have no effect upon it. Hence its name, from parum, 
little, and affinis, from which affinity is derived. 

It burns with a bright white flame, without smoke. It 
is now much employed as a material for candles, which 
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for purity and lustre are not surpassed by even the best 
wax candles. 

Unsized paper, after having been soaked in paraffiiie, 
may be kept for weeks in concentrated sulphuric acid 
without undergoing the slightest alteration. Hence it is 
an excellent coating for tlie labels of bottles in which 
acids are kept. 

178. Asphalt. — Asphalt, or pitch, !s the residue left 
after distilling tar. It is used for varnishes, and as a 
material for making lamp-black, 

1 79. Slow Destructi-ve Distillation. — ^hf^xx. vege- 
table substances decay with a partial or complete exclu- 
sion of air, we have a kind of slow destructive distillation. 
Hydrocarbon gases, which in some places escape from 
the earth in large quantities, are one of the products of 
this process ; the well-known coal-oils are another ; and 
coal is a third. The gas obtained by stirring the mud 
in marshes and at the bottom of stagnant pools is formed 
in this way, and is made up chiefly of marsh-gas, H,C, 
and carbonic acid, CO^. 

180. The Formation oy Mineral Coal, — In tropical 
swamps where vegetation is rank, vast masses of vegeta- 
ble matter accumulate, and gradually decay under water. 
In some cases the land at the bottom of these sw^amps is 
slowly sinking; and the bed of peat, as it sinks with it, 
becomes covered with mud and sand, which numerous 
streams are washing down upon it. This goes on, year 
after year and century after century, until the bed is 
buried hundreds of feet beneath the surface. The vege- 
table matter, thus sunk in the earth and subjected to 
enormous pressure, gradually undergoes a process of in- 
ternal combustion similar to that w^hich takes place under 
water. In many cases tlie decomposition is hastened by 
the agency of the internal heat of the earth. It is proba- 
ble that tlie vast beds of coal found in various parts of 



loy Google 



DESTRUCTIVE DISTILLATION. IJ? 

the earth have been thus formed. All this coal is the 
remains of an ancient vegetation, and it undoubtedly re- 
quired millions upon millions of years to complete its 
conversion into coal. 

iSi. Hard and Soft Coa^;(. — The mineral coals may 
be conveniently divided into hard^ or anthracite, and 
soft, or bituminous coal, and there are several varieties 
of each. 

The main differences between the two are these : hard 
coal is almost pure carbon, while soft coal contains also 
considerable hydrogen and some oxygen ; hard coal still 
retains the cellular structure of the wood, which is clearly 
seen under the microscope, while in soft coal this cellular 
structure is almost entirely wanting; hard coal burna 
without flame, soft coal with flame. 

183. Products of the Distillation of Bituminous 
Coal. — The products obtained by the destructive distil- 
lation of coal are stiil more numerous than those obtained 
from wood. Wood, containing much oxygen and com- 
paratively little nitrogen, furnishes compounds which 
contain much acetic acid and little ammonia, and which, 
therefore, have an acid reaction. Coal, on tlie other 
hand, contains much nitrogen and little oxygen, and 
gives products rich in ammonia, and having conse- 
quently an alkaline reaction. 

When coal is distilled at high temperatures, an abun- 
dance of an inflammable gas is obtained, and also a large 
amount of liquid products, which are then called tars. 

When coal is distilled at a low temperature, little gas 
is obtained, and the liquid products are then called oils. 

183. The Composition of Coal-tar. — Coal-tar has 
been found to contain three classes of substances; — 
(i) Acid oils. 

(2) Alkaline oils. 

(3) Neutral oils. 
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(i) The most important and abundant ingredient of 
the acid oils is carbolic acid, CgHjO. It is analogous to 
creosote, and has even more powerful antiseptic proper- 
ties. It is one of the most valuable disinfectants 
known, and both the acid and the compound which it 
forms with lime are now much used for this purpose. 
It is also largely employed in dyeing silk and woollen 
goods. The dye-stuff is prepared by heating carbolic 
acid moderately with nitric acid, and is called ficric 
acid. On evaporating tliis liquid, yellow scaly crystals 
are obtained. Like all the tar colors, its dyeing quali- 
ties, when in solution, are most intense. Silk and wool- 
len goods put into the solution, even w^hen cold, assume 
a rich yellow color, far surpassing that of other dyes. 

(2) The alkaline oils constitute but a small fraction 
of the tar. Their most important ingredients are am- 
monia and aniline, CgHjN. 

Aniline is an oily substance which, when acted upon 
by compounds which readily part with oxygen, furnishes 
a complete series of the most brilliant dyes. The prep- 
aration of these rich dyes from aniline is one of tlie 
most interesting discoveries of modern times, and has 
caused almost a revolution in the arts of dyeing and 
calico-printing. It is still more surprising when we con- 
sider that tliese brilliant colors are obtained from what 
was until recently a disagreeable waste product of the 
gas-works. When first prepared, they were worth their 
weight in gold ; now, they can be bought at a compara- 
tively moderate price. 

Their dyeing qualities are so intense, that a little ma- 
terial goes a great way ; so that, notwithstanding their 
high price, tliey are more economical than other dyes. 

(3) The neutral oils are the coal-oils proper. They 
contain a great variety of compounds, both liquid and 
solid, the latter being held in solution. Of the liquids. 
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hentole, toluole, and cumole are the most important ; and 
of the solids, faraffine and naphthaline, 

1S4. Benzole and JSfitro-bemole. — Benzole is a very 
important compound, as it is the material from which 
aniline is usually prepared. The symbol for benzole is 
CjHj. When mixed with concentrated nitric acid, it 
loses one atom of H, and takes one of NOj in its place, 
and becomes nifro-benzole, C^H^NO,. 

Nitro-benzole is the artificial oil of hitter almonds., 
and is much used In the art of perfumciy. Its most im- 
portant use, however, is in the preparation of aniline. 
When heated with acetic acid (CjHjO^) and iron filings, 
it loses two atoms of oxygen and taltes up two of hydro- 
gen, and is converted into aniline, CgH,N. 

185. Toluole and Cumole. — Toluole, C,Hg, and 
cumole, CjHjj, are the chief ingredients of tlie well- 
known illuminating or lamp oils obtained from coal. 

186. jya/^Ma/jKc.—Naphtlmline is a beautiful, pearly- 
^vhite solid. It is inflammable, but burns with a smoky 
flame and a disagreeable odor. Brilliant red and blue 
colors, rivalling those prepared from aniline, have lately 
been obtained from this solid. 

When vegetable matter is distilled at a high temper- 
ature benzole and naphthaline are formed in great abun- 
1 nee w th but small quantities of toluole, cumole, and 
pi affile When, on the otlier hand, the distillation is 
CO d ted at a low temperature, toluole, cumole, and 
paijftiie I e formed in large quantities, with but little 
benzole and naphtlialinc. 



187. At the beginning of tlie present century, the 
means of lighting our dwellings consisted, in the main, 
of poor tallow candles and dim and dirty oil-Jamps. On 
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the continent of Europe, whale-oil and other animal oils 
were costly, and resort was had to natural tar and bitu- 
minous slate, in order to obtain illuminating oils. For 
more than twenty years past, lamp-oils have there been 
extensively prepared from wood, rosin, and bituminous 
matter. 

In Great Britain and in this country the manufacture 
of coal-oils is of much more recent growth, because the 
extensive whale-fisheries supplied all the wants of the 
market. 

The manufacture of coal-oil was introduced into this 
country in 1853, and was at first confined to those dis- 
tricts where bituminous coal could be mined at a cheap 

Soon after this manufacture was established in this 
country, and after the value of coal-oils came to be fully 
recognized, attention was drawTi to -petroleum, or rock- 
oil, as a ready means of supplying these oils cheaply. On 
examination, this oil was found to be analogous, in its 
composition and its properties, to that obtained by the 
destructive distillation of soft coal and otiier bituminous 
substances. 

iS8. The Origin of Petroleum. — KA scientific men 
are agreed that the petroleum found in the earth results 
from the decomposition of organic matter, and nearly all 
are agreed that it results mainly from the decomposition 
of vegetable matter. It is, however, a disputed point, 
whether it results from the original decomposition of the 
vegetable substances, or from the action of the internal 
heat of tlie earth on the bituminous coal at a subsequent 
period. 

It is probable that the petroleum now found in the 
earth is the product both of tlie original decomposition 
and of subsequent distillation. Petroleum is, however, 
rarely found in contact with bituminous strata of any 
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kind. It is more often found in fissures in sand rocks ; 
rocks in which no oil could ever have been generated, 
since whatever oi^anic matter they might have contained 
was too much exposed to atmospheric oxygen to admit 
of its being hitumenized, or made bituminous. It is not 
only impossible that the oil could have originated in these 
sand rocks, or in the sandy shales ■which underlie them 
in the oil region in Western Pennsylvania ; but it is most 
probable that the oil ascended from still lower rocks in 
the form of vapor, which condensed in the cavities above. 
Since, then, petroleum is seldom found where it origin- 
ated, but, ordinarily, in cavities of rocks higher up, it 
seems probable that it is mainly the product of distil- 
lation. 

The chemical conditions essential to the generation of 
oil have evidently existed over a very wide area ; but the 
oil is found only where fissures exist in the rocks. These 
fissures serve two purposes : one, to give space for the 
formation and expansion of the hydrocarbon vapor ; the 
other, to furnish receptacles for the condensed oils. 
These fissures must connect vi'ith the sources of the oil. 
If they have any outlets at the surface of the earth, by 
which the more volatile portions of the oil may escape as 
gas, the oil within them becomes thicker and heavier. 
Hence, as a general rule, the oil found near the surface 
is heavy, the cavities containing it being likely to have 
outlets. It may, of course, happen that a deeply-seated 
fissure has such an outlet. 

1S9. Hov^ Petroleum is obtained. — The oil is ob- 
tained by piercing one of these cavities by a well. It 
often happens that the upper part of the cavity is filled 
with pent-up uncondensible gases. In this case, if the 
well happens to pierce the lower part of the cavity, the 
expansive force of the confined gases will drive the oil 
from the well in a continuous stream. Oil is often forced 
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from a new well with such velocitj^, that it rises in. a jet 
a hundred feet high. 

It sometimes happens that the lower part of the cavity 
is filled with brine, upon which the oil floats. If, in this 
case, the w^ell pierces the lower part of the cavity, brine 
is the first product. After a time the salt-well may 
change to an oil-well. 

COAL-GAS. 

190. T'he Manufacture of Coal-Gas. — The idea of 
turning hydrocarbon gases to the practical purposes 
of illumination occurred at about the same time to 
Murdock, in England, and Lebon, in France. This was 
in 1790; but for a long time there was a strong popular 
feeling against the new light. In England, it was not 
until 1813 that Parliament consented to charter a com- 
pany for its manufacture. Even then the enterprise was 
looked upon as so visionary, that the act of incorporation 
was said to be granted in order to make a great ex- 
periment of a plan of such extraordinary novelty. In 
December, 1813, Westminster Bridge was first lighted 
with gas. From this time gas-lighting made the most 
rapid progress in England ; and now the consumption of 
gas in London alone amounts to more than seven billions 
of cubic feet annually. To make this gas, eight hundred 
tliousand tons of coal are required ; while the length of 
the main pipes in the streets of the city is more than two 
thousand miles. 

Paris was first lighted with gas In iSao. There, as in 
England, strong prejudices had to be overcome. 

The most essential parts of the apparatus used in the 
making of coal-gas are represented in Figure aS. 

Of course, it is only soft or bituminous coal that can 
be used for making gas. This coal is distilled in long 
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iron retorts, seen at the left of the figure. When charged 
willi coal, these letoits ire closed air-tight. They are 

ill L _ 




then heated to a m.1} hi^h temperature by the furnaces 
beneath. 
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The gaseous and volatile compounds, formed by the 
distilliition of the coal, pass up through pipes (one of 
which may be seen leading from each retort) into a long 
horizontal pipe, M, called the hydraulic main. This ia 
half full of water, into which the pipes from the retorts 
dip. The gas readily escapes from the pipes by bub- 
bling up through the water ; but, of course, it cannot 
return through the water. 

The gas is carried from the hydraulic main through a 
pipe into a tank, jT, called the tar cistern. By this time 
the more condensible gases have become liquid, and 
collect in the smaller vessel into which the pipe passes, 
and from which tiiey overflow^ into the larger tank. 
From the latter they are drawn off at intervals. These 
condensed products are coal-tar and a liquid highly 
charged with ammonia, called ammoniacal liquor. 

The uncondensed gases pass on tlirough the series of 
upright pipes at C, called the condenser. Here they 
become still further cooled, and all the remaining con- 
densible gases are reduced to the liquid state. 

After leaving the condenser, the gas still contains, be- 
sides the compounds fit for illuminating purposes, the 
noxious compounds carbonic acid and hydric sulphide 
(49). These are removed in the -purifier., P. It con- 
sists of a chamber with several perforated shelves, which 
are covered with slaked lime. In passing over this lime, 
the carbonic acid and hydric sulphide are absorbed, while 
the purified gas passes along into the gasometer., G. 

This gasometer consists of a large sheet-iron bell-jar, 
which dips into a cistern of water. The latter is deep 
enough to allow the bell to be completely submerged, 
and filled with water. The bell is counterpoised with 
weights, and rises as the gas enters it. 

From the gasometer the gas passes out, by the pipe 
at the right, into the streets and houses of the city. 
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ILLUMINATION. 



191. Nature of Flame. — We know that coal-gas 
burns with flame, while the solid carbon burns witliout 
flame. All combustible gases burn with flame. 

We have seen that wood, when heated in a closed tube, 
gives oft' an inflammable gas ; and the same is tme of 
wax or tallow heated in the same way. Every solid 
which appears to bum with flame can thus be converted 
into an inflammable gas by means of heat. When these 
solids begin to burn, the heat developed is sufficient to 
generate this inflammable gas. It is this gas, and not 
the solid, which burns with flame. 

Flame, tlien, is gas burning. 

193. j4 Solid and Heat are necessary to Jllumin' 
ation. — The oxy-hydrogen flame (22) develops intense 
heat, but scarcely any light. If, how^ever, a cylinder of 
lime be held in this flame, we get the brilhant calciuT/i, 
or Drummond light. 

We see, then, that a solid and an intense heat are 
necessary to illumination. 

193. These Itvo Conditions are fulfilled in the Burn- 
ing of Coal- Gas. — Illuminating gas, as we have seen, 
is a compound of carbon and hydrogen. If we hold a 
cold glass rod in a gas-flame, it becomes blackened with 
soot, showing that there ia free carbon in the flame. We 
therefore conclude that the hydrogen of the gas combines 
with the atmospheric oxygen first. In doing so, it de- 
velops great heat. 

In the manufacture of charcoal, the delicate cells of 
the wood are preserved intact ; showing that the car^ 
bon, at the high temperature to which it is exposed 
in the process, has no disposition to melt. Its infusi- 
bility is its most marked characteristic (41). 
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When the hydrogen of coal-gas combines with the 
oxygen of the air, the carbon is set free in a solid state. 
As the hydrogen consumes all the oxygen in the nearest 
layer of air, the carbon must delay a moment in the flame 
before it can get at oxygen to unite with. This finely 
divided solid thus becomes heated white-hot, and gives 
out light. This condition lasts hut an iustant. The next 
instant tlie carbon combines with atmospheric oxygen, 
and passes off as a colorless gas. As fast, however, as 
the carbon is consumed, a fresh supply is set free, and 
thus the light is constantly kept up. 

The value, then, of coal-gas for illumination depends 
upon a most delicate adjustment of affinities. 

Were the affinity of carbon for oxygen a little stronger 
than it noiv is, the carbon would burn at the same time 
with tlie hydrogen, and there would be no light in the 
flarae. On the other hand, were tlie affinity of carbon 
for oxygen less than it is, the carbon ivould not burn at 
all, but, after developing light, would pass away from the 
flame in the form of soot. 

194. Sunset^s Lamp. — The fact that carbon must 
Fig. itf. remain an instant in the flame in tlie 

solid state to develop light, is illustrated 
by Bunsen's burner. It is shown in Fig- 
ure 39, and consists of a brass tube, near the 
bottom of which are four round holes, 
through which the air can pass into the 
tube. A second tube opens into the inside 
■ of the brass tube from the bottom, just 
a level with these holes. The coal-gas 
passes into the larger tube, through this 
second tube. The air passes in through the holes at 
the same time, and the two gases become intimately 
mixed before they reach the top of the tube. Upon 
lighting the mixture as it escapes from the tube, it burns 
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with scarcely any light, but a good deal of heat. If we 
close the holes at the bottom of the tube, the gas burns 
with the ordinary luminous flame. In the first case, 
there is an excess of oxygen mixed with the coal-gas, 
so that there is enough to combine with the carbon as 
soon as it is set free, before it becomes sufficiently heated 
to develop light. In the second case, the carbon cannot 
get at the oxygen to combine with it, until it has passed 
through the burning layer of hydrogen, and tlius become 
intensely heated. 

195. The Best Shape for a Gas -Flame. ~-¥mm 
what has been said, it is evident that the light of the 
flame is developed only at the surface, in the burning 
layer of hydrogen. The ordinary gas-burner is so made 
that the flame will be flat, in order tliat it may have as 
much surface as possible. The greater the surface, the 
greater the light developed. 

196. 2'ke Argand Burner.- — -A sheet of paper will 
evidently present to the air just as much surface when it 
is bent round till the two edges meet, as w^hcn it is flat ; 
while in the second case it is in a more compact form. 
So the ordinary gas-flame will present just as much sur- 
face, if its edges are bent round till they meet. In the 
Argand burner, this form is given to the flame, by sup- 
plying flie gas through a circle of small holes in a hol- 
low brass ring. A current of air passes up through this 
ring, furnishing oxygen to the inner surface of the flame. 

197. The Bude Light. — If the interior of the ring of 
an Ai^and burner be closed, the flame becomes of a dull 
red color. Since no oxygen is supplied to the inner 
surface of the flame, the combustion is imperfect, and 
develops but a low degree of heat. 

If, on the other hand, a stream of pure oxygen be sup- 
plied to the interior of the cylindrical flame, the flame 
diminishes in size ; but the light becomes very intense, 
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and of a pure wliite color. The increased supply of oxy- 
gen increases t!ie enei^ of tlie combustion of tiie hydro- 
gen, and tlie intensity of the heat developed by it. In the 
first case, the carbon is heated only to a dull redness, 
while in the second case it is raised to a full white heat. 

198. A Burning Candle is a miniature Gas-J^ac- 
tory. — We have seen tliat wax or tallow, when heated 
in a flask, is converted into an inflammable gas. This 
gas, in burning, produces ^vater and carbonic acid ; 
hence it must contain hydrogen and carbon, which are the 
main ingredients of coal-gas. This gas is in fact identical 
with coal-gas. The heat of the burning match converts 
some of the wax of the candle into gas, which takes fire, 
and in burning develops sufficient heat to convert more 
of the wax into gas ; and thus the supply is kept up. 

199. The Flame of a Candle consists of three dis- 
tinct Parts. — In the flame of a candle there are three 
distinct parts: (i) the dark central zone, or supply of 

unburnt gas surrounding the vi-ick ; (2) 
the luminous zone, or area of incom- 
plete combustion ; and (3) the non- 
luminous zone, or area of complete 
combustion. If we put one end of a 
small glass tube (see Figure 30) into 
(f the dirk centnl zone the unbuint gis 
.11 pass up the tibe ind may be 
Luted it the other end 1 1 the lumi 
nous pirt of the flirac as in tire c^se 
of the gas flame (193) the gis is not 
coi ipletely burnt md caibon is sep 1 
ratei in the solid stite ind it la this carbon heated 
\^1 ite hot which reiieis tie ilame lummous In the 
outer zone tire supply ot oxygen is greater ; all the carbon 
is at once burnt to carbonic acid, and the flame here 
becomes non-luminous. 
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SUMMARY. 

Vegetable compounds may be broken up by destruc- 
tive distillation. 

In the preparation of charcoal, wood is decomposed 
into carbon and a number of volatile compounds. 

When these volatile products are cooled and con- 
densed, we obtain : (i) permanent gases ; (2) a watery 
fluid ; (3) a dark resinous tluid. 

(i) The permanent gases arc chiefly rnarsh^^as, 1I,C, 
and olefiant gas, HjC. 

(s) The chief ingredient of the watery fluid is fyrolig- 
neous acid, or wood vinegar. 

{3) The dark liquid is -wood tar. 

The most important ingredients of wood tar are wood 
naphtha, creosote, paraffine., and asphalt. 

Mineral coal has probably been formed by the gradual 
decomposition of vegetable matter buried in the earth, and 
thus excluded from the air ; the decomposition in many 
cases being hastened by the internal heat of the earth. 

When the volatile products were allowed to escape 
freely, anthracite coal was formed ; when they could not 
escape, bituminotis coal was formed. 

The volatile products often escaped into lai^e cavities 
in the rocks, and on condensing gave rise to the cele- 
brated rock-oil, or petroleum. 

In some cases, this oil may have been formed by the 
decomposition of the vegetable matter at a temperature 
too low for its conversion into vapor, and may afterwards 
have been distiiied by the internal heat of the earth. 

The products of the destructive distillation of bitumi- 
nous coal are more numerous than those of the distilla- 
tion of wood. They are less rich in compounds containing 
oxygen, but richer in those containing nitrogen. 
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When the coal is distilled at a high temperature, a 
large amount of gas is obtained, and tlie liquid products 
are then called tars. When the coal is distilled at a low 
temperature, only a small amount of gas is obtained, and 
the liquid products are called oils. 

When tlie gas obtained by the distillation of coal is 
purified, it forms the well-known illuminating gas. 

The most important ingredients of coal-tar are carbolic 
acid, ammonia, aniline, benzole, toluole, cumole, par- 
affine, and naphthaline. 

The aniline colors are prepared chiefly from benzole. 

Only gases burn with flame. Solids that appear to 
burn with flame are first converted into a gas by heat, 
and this gas bums with flame. 

The two conditions essential to illumination are the 
presence of a solid and intense heat. 

The illuminating gases are all hydrocarbons, or com- 
pounds of hydrogen and carbon. 

The hydrogen has the stronger affinity for oxygen, and 
burns first. The carbon is set free in a solid state, and 
delaying for an instant in the intense heat of the flame, 
before combining with oxygen, becomes luminous. 

The light of the flame is increased (i) by increasing 
the surface of the flame, as in the ordinary gas-flame, 
and that of the Argand burner ; and (3) by increasing 
the intensity of the combustion of the hydrogen, as 
in the Bude light. 

The heat of the flame is increased by mixing oxygen 
with the gas before it bums, so that the carbon and hy- 
drogen may burn together, as in the Bunsen burner. 

The burning candle or oil-lamp is a miniature gas- 
factory. 

The candle flame consists of three parts: (i) an inner 
zone. of unburnt gases, surrounded by (a) a luminous 
7one of incomplete combustion, outside of which is (3) a 
non-luminous zone of complete combustion, 
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zoo. Causes of Fermentation. — Complex organic 
compounds are often broken up into simpler compounds 
by the agency of growing plants. This process is called 
fermentation, and the organisms which effect it are 
CS^^^ ferments. Different ferments give rise to different 
products, as alcohol, vinegar, etc. Most of these fer- 
ments are plants, but one at least is an anim.il ; and this, 
strange to say, cannot live in contact widi free oxygen, 
but flourishes in an atmosphere of hydrogen. In order 
that the ferment should grow, it must he supplied with 
proper food, especially with ammoniacal salts and al- 
kaline phosphates. These are contained in tlie albu- 
minous matter generally present in the liquid about to be 
fermented. In order that the fermentation should go on 
well, the temperature should be from 70° to 100° ; at 
much higher, as at much lower temperatures, tiie vitality 
of the ferment is destroyed. 

In many cases, spontaneous fermentation sets in with- 
out the apparent addition of any ferment: thus wine, 
beer, milk, etc., when allowed siniply to stand exposed 
to the air, become sour or otlierwise decompose. These 
changes are, however, not effected without the presence 
of vegetable or animal life, and are true femientations. 
The sforules, or seeds of these living bodies, are al- 
ways floating in the air, and on dropping into the liquid 
begin to propagate themselves, and in the act of grow^ing 
evolve the products of the fermentation. If the liquid 
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be left only in contact with air which has been passed 
through a red-hot platinum tube, so that the living 
spondes are destroyed ; or if the air be simply filtered 
by passing through cotton-wool, so that the sporules are 
prevented from, coming into the liquid, it is found that 
tlie liquid may be preserved for any length of time with- 
out undergoing the slightest change. 

The principal forms of fermentation are — 

(i) The alcoholic fermentation, producing chiefly al- 
cohol and carbonic acid, 

(a) The acetone fermentation, producing acetic acid. 

20I, Alcoholic Fermentation, — Sugar, if dissolved 
in presence of yeast (which is a plant and a ferment), 
undergoes fermentation, evolving mainly alcohol and 
carbonic acid : — 

Ci2H2iOj2=4C3HaO (alcohol) 4-400^. 

About 6 per cent of the sugar undergoes a diflerent 
change, part being used as nourishment for the yeast, 
and part forming glycerine and otlier compounds. The 
alcoholic fermentation is best efiected at a temperature 
between 77° and 86°. 

When the cereal grains are used for making alcohol, 
the starch of the grain is first converted into sugar. This 
change may be brought about by the action of sulphuric 
acid, as already explained (161) ; but, practically, it is 
usually effected by means of diastase. 

203. The Formation of Diastase in Growing Plants, 
— We have learned tliat the seed contains a supply of 
starch ■which is the food of the embryo plant until it is 
able to derive its sustenance from the earth and the air. 
We have learned, too, that this starch must be converted 
into sugar, in order that it may be dissolved in the sap of 
the plant and carried where it is needed for the purposes 
of growth. Let us now see how the starch is changed to 
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sugar. The seed contains more or less of the nitrogen- 
ized comr^ovxiA, gluten (143). This, under the influence 
of heat and moisture, begins to putrefy, and Fig. 31. 

a portion of it is converted into the ferment 
diastase. This has so powerful an action 
upon starch, that one part of it, at a tempera- 
ture of 150°, is sufficient to convert aooo parts 
of starch into dextrine and then into sugar. 

We can now understand how a seed, like 
the acorn (tigure 31) germinates If vie 
cut the acorn open ne eee the sadicle (■at the 
right in the hgure), and the two thi^k coty 
IsdoTis^ or seed lca\ es, contimmg 
the Starch and gluten In tlie moist 
warm soil the icom absorbs a 
w^ater, and the gluten is thus 
changed into dii'itase which con 
verts some of tht staruh 1 
sugar. The radicle ibsorbs k 
this sugar, and uses it to make 1 
woody fibre It is tlius i 
abled to thrust out -i httle 
and begin to driw food 
from the earth, is well 
as from the starch in the 
seed. It ne\t sen Is out 
the plumule., 1 little stem 
\Mtliit->fiist Icives 
unfolding to the 
air and hght It 
deru ing its nour 
earth ind the air and is no longer dependent upon the 
seed, which scon withers and perishes. Both root and 
stem ate now rapidh developed {145-154), and thus at 
lengdi the acoin becomes the mighty oak. 




■ the r 
ishment both from the 
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303. Brewing. — The brewer avails himself of tiiis 
natural change in the germinating seed, and calls into 
action on a larger scale the chemical influence of diastase. 
The grain commonly used for the purpose is barley. 
This is first moistened in heaps, and spread out in a dark 
room to heat and sprout. When the gluten has begun to 
be transformed into diastase and the starch into sugar, so 
tiiat the germ is about to burst from the envelop of the 
seed, the growth is arrested by heating the grain, and 
thus killing the embryo plant. 

The malt, as the barley is now called, is next bruised, 
and soaked in warm water in the mash-tub. The w^ater 
dissolves first the sugar which has already been formed 
in the seed, and then tlie diastase. The latter acts upon 
the rest of the starch of the seed, and of any raw grain 
which may be added to the malt, converting it into sugar, 
so that little, except the husk of the grain, is left rmdis- 
solved ; and the liquor, or -wort., has a decidedly sweet 
taste. 

The wort is now heated to boiling, to stop the action 
of the diastase, and to coagulate the albumen which has 
been dissolved out of the grain. At the same time, hops 
are added to the wort ; and these, besides giving a bitter 
aroma to the liquid, help to clarify it. The boiled liquor 
is then filtered, and dravra oif into shallow vessels, where 
it is cooled down to about 60°. Yeast is now added, and 
the mixture is allowed to ferment for six or eight days. 

This fermentation is never allowed to continue until 
all the sugar is converted into alcohol. From one-half 
to three-fourths of it is decomposed ; and the rest is left 
to give a sweet taste to the beer, and also to keep it 
from souring in the cask. 

The liquor is next put into casks, where it goes through 
a second and much slower fermentation, which is essen- 
tial to its presei-vation. When this fermentation is com- 
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pleted, the cask must be closed tight, to exclude the air, 
t!ie oxygen of which would cause acetous fermentation. 
During this second fermentation, the carbonic acid is 
generated, to which the liquor o\ves its sparkling effer- 
vescent character. 

2041 The Distillation 0/ 5^iWVj. — When fermented 
liquors are boiled, the alcohol they contain rises In the 
form of vapor, mingled with steam. If the boiling be 
performed in a close vessel, and the vapors be led by a 
pipe into a cold receiver, they condense into a liquid, 
containing a large percentage of alcohol. This process 
is called distillation, and the apparatus for carrying it 
on is called a still. 

If the alcoholic liquor thus obtained be re-distilled, or 
rectijled-, a spirit may be obtained, containing 90 per 
cent of alcohol and 10 of w^atcr. This is tlie strongest 
commercial alcohol. If this be mixed with calcic chlo- 
ride, which has a strong affinity for w^ater (113), and then 
be rc-distil!ed, pure or absolute alcohol may be obtained. 

We have seen that, in making beer, the fermentation 
of the wort is checked before all the sugar is converted 
into alcohol. But, in the manufacture of spirits from 
grain, the fermentation is prolonged until ail the sugar Is 
transformed into alcohol and carbonic acid. To leave 
any of it unchanged, would not only Involve a loss of 
spirit, but, during the subsequent distillation, niight in- 
jure the flavor of the spirit obtained. 

The alcohol obtained from the fermentation of sugar Is 
sometimes called wine alcohol, or vinic alcohol, to dis- 
tinguish it from a large number of similar compounds, 
known to chemists as alcohols. Its symbol Is C^HgO. 

205. Ether. — When equal weights of strong alcohol 
and oil of vitriol are boiled in a retort, a colorless, fra- 
grant, and highly volatile liquid passes over, called ether, 
or sulphuric ether, C^HjoO. It Is called stdphuric 
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at oidmarj temperatures, it is soon con\erted into acetic 
acid, or vinegar. The alcohol absorbs 2 atoms of oxy- 
gen, forming water and acetic acid : — 

CjH.O + 0, = H,0 + C,H,0, (acetic acid). 

Tliis process constitutes what is commonly called the 
acetous fermentation. Since the alcohol is oxidized, it 
is in a certain sense a combustion that takes place. It Is, 
however, brought about by the influence of a ferment, 
known as the vinegar-flant, or mother of vinegar. 

There are a great many methods of making vinegar on 
the large scale ; but, for the most pait, they are only dif- 
ferent devices for exposing to the air as lai^e a surface as 
possible of the alcoholic mixture. In one process, the 
liquid is allowed to trickle down through vats, filled with 
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flat pieces of wicker-work, piled one upon another. 
These are first watered with vinegar, or liquid partiallj' 
converted into vinegar, and thus become covered with 
the germs of the vinegar-plant. Air is admitted tlirough 
holes in the bottom of the vats, and passes out at the top, 
after giving up a part of its oxygen to the alcohol. Heat 
is produced by the oxidation, and this causes an upward 
draught, and quickens the circulation of air through the 
vats. 

In another process, the weak alcoholic liquor trickles 
down through perforated casks, filled ^vith beech shav- 
ings, which have been thoroughly scalded to remove all 
soluble matter. Air is admitted by holes around the 
lower part of the cask, and passes out at the top. 

When vinegar is purified, and concentrated by distil- 
lation, it constitutes tiie acetic acid of commerce. This 
is prepared on a large scale from pyroligneous acid, 
or wood vinegar (174), which is obtained by tlie de- 
structive distillation of wood. 

307. Bread-making-. — The making of bread in the 
ordinary way, by means of leaven or yeast, is an example 
of alcoholic fermentation. 

When the grain of wheat is ground in a mill, and then 
sifted, it is separated into two parts, the bran and the 
flour. The bran is the outside harder part of the grain, 
which is not ground so readily, and, when ground, makes 
the flour darker. Both the bran and the flour consist 
mainly of gluten, starch, and water. 

If the flour be mixed witli water enough to moisten 
it thoroughly, the particles cohere and form a dough, 
which can be kneaded or moulded with the hand. It 
is the gluten of the flour which gives the tenacity to 
the dough. 

A little leaven or yeast is added to the flour, either 
before it is mixed with water into a dough or in the 
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course of liifs process ; and the dough is then placed for 
some hours in a warm atmosphere, in order that it may 
rise. This rising is a fermentation, caused by the leaven 
or yeast. Leaven is the primitive ferment, and is simply 
a piece of moistened, dougli which has begun to putrefy. 
Wlien brought in contact with a fresh portion of flour 
and water, it very quickly acts as a ferrnent, and develops 
fermentation in the whole mass. Yeast, as has been 
stated, is one of the vegetable growths which are fer- 
ments (aoo, 301). 

The leaven or yeast soon begins to act on the gluten, 
starch, and sugar of the flour, and a portion of the sugar 
is converted into carbonic acid and alcohol in every part 
of the dough. The bubbles of gas, thus disengaged in 
the mass, form innumerable cavities, and make it light 
and porous. 

TJie spongy dough is now put into a hot oven, where 
the fermentation and swelling are at first increased by the 
heat; but when the whole has been heated to about 313°, 
the fermentation is suddenly arrested, and the mass be- 
comes fixed in the form it has then attained. In tlie bak- 
ing, some of tlie water is dissipated from the dough, the 
starch and gluten are partially boiled., and some of the 
starch is converted into dextrine. The browTi, glossy 
appearance of the crust is due to this formation of dex- 
trine (162). Most of the alcohol is driven off" by the 
heat ; but a large amount of water (about 45 per cent of 
the weight of the bread) remains In the loaf after the 
baking. 

There are various methods of making bread without 
fermentation, most of which depend on the liberation of 
carbonic acid from one of its compounds, by means of an 
acid. Bicarbonate of soda and muriatic acid arc the ma- 
terials sometimes used. Cream of tartar, which is a 
compound of tartaric add (165), is often used as the acid. 
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The salt and acid are usually mixed with the doug^h, and 
the carbonic acid there set free ; but in the manufacture 
of the so-called aerated bread, water charged with the 
gas is tised in making the dough. 



SUMMARY. 

Fermentation is the breaking up of complex oi^anic 
compounds into simpler ones, by the agency of certain 
plants called ferments. 

The alcoholic fermentation takes place in sugar, and 
produces alcohol and carbonic acid. 

In making alcoholic liquors from grain, the starch 
of the grain is converted into sugar, by the action of 
diastase, as in the germination of seeds. Tlie sugar is 
then converted into alcohol by the use of a ferment, as 
yeast. 

The alcohol of fermented liquors may be separated 
from the water, and concentrated by distillation. 

By the action of acids upon alcohol, important com- 
pounds called ethers are obtained. 

The acetous fermentation takes place in alcohol, which 
undei^es oxidation, producing vinegar, or acetic acid. 

The making of bread with yeast is an example of 
alcoholic fermentation. 
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CHEMICAL PHILOSOPHY. 
ATOMS AND MOLECULES. 

I. Molecular and Atomic Conslitution. — The astronomer 
finds that the universe is made up of stars, or suns, each of 
which is probably, like our own sun, the centre of a solar sys- 
tem made up of planets, These solar systems are the larger 
units, or individuals, of the universe; and the planets are the 
smaller units of which these systems are composed. Some of 
these smaller units, as Venus and Mars, are simple ; others, as 
the Earth and Jupiter, are complex:, being made up of a planet 
and one or more moons. We now bciieve that all the bodies 
b t d p f "t nalogous to these. The physicist 

fid tttb dpf separate and distinct masses, or 

t h hi 11 / / He cannot see these even with 
tl d fth m p b t he is as certain of their existence 

tl t m f h planets and solar systems. The 

hmtpll h ml 1 n pieces, and finds that they are 
m d p f m II t wi ich he calls atoms or compound 

d I d th y simple or complex. He believes 

th t t th m 1 les of the elements, as well as of 

mp d d p f t vo or more atoms ; the only dif- 

f ce b g th t th e case the atoms are all alike, 

hi th th tl J - Thus a molecule of hydrogen 

bl dtbmd pf two atoms of hydrogen; while a 
m 1 1 f t dp f two atoms of hydrogen and one 

f ig Wh m 1 1 of water is broken up, it ceases to 

b w t d b m hjd gen and oxygen. Hence we may 
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define a molecule as the smallest mass of a substance which can 
exist by itself; and an atom as the smallest mass of any substance 
■which can exist in a molecule. 

The molecules of a body are bound together hy cohesion, and 
the atoms by acuity. The stale of a body depends upon the 
strength of the cohesive force. When this force binds the mole- 
cules together firmly, they form a solid ; when very weakly, a 
liquid; and when not at all, a g-as. The molecules of a solid, as 
a general rule, tend to arrange themselves in regular order, so 
as to build up symmetrical forms called crystals. These crystals 
have usually the same form for the same substance, but very 
different forms for different substances. 

It is probable that the atoms when bound together by affinity 
tend to arrange themselves with equal regularity ; but as yet we 
are ignorant of the mode of arrangement. Indeed, the number 
of atoms in the molecules of many substances is as yet a matter 
of mere h\po thesis 

2 MoUcular W e-ght — Wh^n the molecules of ini body are 
so far apirt that the coheme fo ce e^erta no con txarat upon 
them the sub tance is called a true gas W hen the molecules 
are still somewhat under the restraint of cohesion but not 
bound together bj it the substance is called an imp rftct gas, 
01 apor Now there ire two chiritter atics of all true gases, 
■whith throw I ght upon their molecular constitution First, 
ill trut, gases obey tl e sine Kw ot comp es ib ht^ Secondly, 
equal volumes of all true gases expand equally on the same in- 
crease of temperature." The repulsive force, then, which acts 
among the molecules, and tends to keep them apart, or to sepa- 
rate them, is the same for all true gases. This has led to the 
conclusion that equal volumes of all true gases have the same 
number of molecules. We can therefore readily find the molecu- 
lar weight (that is, the relative weight of their molecules) of all 
those substances which can by heat be converted into true gases, 
by weighing equal volumes of these gases under the same pres- 
sure and temperature. 

There are, however, many substances which cannot be 
brought into a gaseous state. To determine the molecular 
weights of these substances, we must find their atomic constitu- 
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tioti, and the atomic weights of their elements. Suppose, for 
instance, that we do not know the molecular weight of Tvater, 
but do know that a molecule of water contains two atoms of 
hydrogen and one of oxygen, and that the atom of hydrogen 
weighs I and the atom of oxygen 16. The molecular weight of 
■water must then be 16 + 3 or 18. 

In finding the molecular weight of different substances, they 
are all compared with hydrogen, whose molecular weight is as- 
sumed to be 2. The following table gives the molecular weights 
of several gases, all of which contain hydrogen; also the relative 
weight of the hydrogen in each molecule : — 



«^br 


Wtighl of 




2 


- 


H^S 


36.S 


I 


H,N 


81 


1 


HgP 


28 


I 


HgA 


18 


^ 


I-IjC 



Molec 



height. 



16 



3. Atomic Weigkis. — When any element forms a number of 
compounds which can be brought into the gaseous state, we find 
its atomic weight by jjf-si jfurfin^ tJie mohcitlar lueighi of these 
compounds, and then analyzing tliese compounds, so as to find the 
•meigkt of the common element in each molecule, or, what amounts 
to the same thing, in equal volumes of the gases. 

Thus, in the above table, it is found that when HCI is decom- 
posed, it gives half its own volume, or, in other words, half its 
own number of molecules, of hydrogen. Hence a molecule of 
HCI contains half a molecule, or one part by lueighi, of hydro- 
gen. The same is found to be true of HBr and HI. Water gas 
is found on analysis to give its own volume, or, in other words, 
its own number of molecules, of hydrogen. Hence each molecule 
of water contains a -aikoh molecule, or two farts by iveigkt. of 
hydrogen. The same is found to be true of H^S. Again, HjN 
gives one and a half its oTun iioltime of hydrogen. A molecule of 
ammonia, then, contains one and a half molecules, or three parts 
by vieigkt, of hydrogen. The same is true of H^P and HjAs. 
Again, HjC (marsh-gas) gives iTuict its ovia volume of H ; and 
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each of its molecules must therefore contain I-.VO molecules, or 
fotir farts by -weight, of H, 

In this Tvaj, it is found that one part hy Tieight is the smallest 
quantity of hydrogen found in a molecule of any of its com- 
pounds. Hence i is taken as the atomic weight of hydrogen ; 
and since the molecular weight of hydrogen has been assumed 
as 2, each of its molecules must contain 2 atoms. 

In a similar way, it has been found that the molecular weight 
of nitrogen is 28, and its atomic weight 14. " This method of 
investigation can be extended to a large number of the chemical 
elements, and the conclusions to which it leads are evidently 
legitimate, and cannot be set aside until it can be shown that 
some substance exists whose molecule contains a smaller mass 
of any element than that hitherto assumed as the atomic weight, 
or, in other words, until the old atom has been divided." 

This method is, however, applicable only to those elements 
which form a number of gaseous or volatile compounds. In 
other cases, the number of atoms in a molecule is a matter of 
inference merely. Whenever analogous elements, as iodine, 
bromine, fluorine, and chlorine, combine with the same element, 
we infer that the molecules formed have the same atomic consti- 
tution, especially if the compounds have the same crystalline 
form and similar chemical relations. Of course, if we know the 
atomic constitution of a compound, and the atomic tueighi of one 
of its elements, we can find the atomic weight of its other ele- 

Suppoae, for instance, we know that the molecule of baric 
chloride contains one atom of barium and two of chlorine, and 
that the atomic weight of chlorine is 35.5, we find on analysis 
that baric chloride contains 137 parts by weight of barium to 71 
of chlorine, 71 =35-5 X 3 = the weight of two atoms of chlorine. 
Hence the weight of the one atom of barium must be 137. 

" Nevertheless, it is true in very many cases that our conclu- 
sion in regard to the number of atoms which a molecule may 
contain is more or less hypothetical, and hence liable to error 
and subject to change. This uncertainty, moreover, must ex- 
tend to the atomic weights of the elements, so far as they rest 
on such hypothetical conclusions." 
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EKperiment, however, has ehown that it is ffeuerally true that 
the elementary atoms have the same specific heal; that is, if 
we take of different elements quantities proportionate to their 
atomic weights, and which therefore contain the same number 
of atoms, the same amount of heat Tvill raise them all the same 
number of degrees in temperature ; in other words, it takes just 
as much heat to raise I atom of hydrogen i degree in tempera- 
ture as it does to raise 1 atom of nitrogen, oxygen, or any other 
element i degree. 

Hence, when we are in doubt as to the atomic weight of any 
element, we can sometimes settle the question by its specific heat, 

QUANTIVALEN E AND ATO^ C TV 



4. ^uaaiivalence.- 
replace one another J 
while !n some cases 
another, in other case 






Thus, when hydric ch 

other, we have the following change: — 




AgNOa + HCI = AgCl + HNO3. 




Here 1 atom of Ag changes place with I of H. 
When Zn acts upon HaSOj we have 




H5S04 + Zn = ZnSOj-f H^. 




Here I atom of Zn replaces, and is equivalent to, 2 ati 
Again, in the reaction between water and phospho 
ide, wehave- 


imsofH. 



jHjO or HsHBOa + PCIj= HsPOj + 3HCI. 
Here I atom of P replaces, and is equivalent to, 3 atoms of H. 

"This relation of the elements to each other is called by Hof- 
mann quantivalence ; and selecting here, as in the system of 
atomic weights, the hydrogen atom as our standard of inference, 
the atoms of different elements are called aai'valent, *;Va!ent, 
/bivalent, or 5«aif«valent, according as they are, in the sense 
already indicated, eg«(Valent to i, 2, 3, or 4 atoms of hydrogen. 
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These terms are very appropriate, since ttiey are all derived from 
the same root as our common English word eyr/ivalent, which 
best expresses the fundamental idea which underlies the whole 
subject." 

The quaniivalence^ whenever important, may he indicated 'by 
a Roman numera! placed over the atomic symbols; thus, — 

CI, O, N, C. 

5. Atomicity. — '^TtiZ quantivalence of an element is shown, 
not only by its power of replacing hydrogen atoms, but also by 
its power of replacing any other atoms whose quantivalcnce is 
known. Moreover, what is still more important, the quantiva- 
Icnee of an element is shown not only by its replacing power, 
but also by what we may term its atom-jixing fower ; that is, by 
its power of holding together other elements in a molecule. 
We may take as examples the molecules of four very character- 
istic compounds ; namely, hydrochloric acid, water, ammonia, 
and marsh-gas," whose symbols are HCl, H3O, H5N, and H^C. 
" By these symbols it appears that, while tlie univalent atom of 
chlorine can hold but r atom of hydrogen, the bivalent atom of 
oxygen holds 2, the trivalent atom of hydrogen 3, and the qua- 
drivalent atom of carbon 4 atoms of the same element." 

"The quantivalence of the chemical elements, especially as 
indicated by their atom-fixing power, is by no means always the 
same. That of the univalent elements alone is constant. They 
always combine with single atoms. . . . But the other elements 
frequently exhibit, under different conditions, an unequal atom- 
fixing power. Thus we have SnClj and SnCl,, PCI3, and PCI5, 
NH3 and NlljCi. Each clement, however, has a maximum 
power, which it never exceeds. This we shall call its atomicity ; 
and wc shall distinguish the elements as monads, dyads, Mads, 
etc., according to the number of univalent atoms they are able at 
most to bind together. Thus nitrogen is a fenlad, although it 
is commonly ij-iValent; and lead is a tetrad, although it is 
usually Ji'valent." 

The prevailing quantivalence of an element is a more charac- 
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teristic property than its atomicity. The former is generally 
well established, while the latter is frequently still in doubt. 

6. ^lantivaUnce of Radicals. — " When in the molecule of 
any compound the dominant or central atom is united to as many 
other atoms as it can hold of that kind, the molecule is said to 
be saturated. Thus HCl, Il^O, H3N, and H^C are all saturated 
molecules. On the other hand, the molecules CO, PClj, and 
SnClj are not saturated ; for they can combine directly with more 
oxygen or chlorine, forming thus the saturated molecules CO^, 
PClj, and SnCli." It will be seen that CO, PCI3, and SnCl^ are 
Si'vaient radicals, since they can each hold the equivalent of two 
atoms of hydrogen, The CO can hold an additional atom of 
oxygen, and PCI3 and SnCla can each hold two additional atoms 
of chlorine. The quantivalence of an atom of C is 4, and that 
of an atom of O is 2 ; and the diiference of these is 2, the quan- 
tivalence of the radical CO. In general, the quantivalence of a. 
binary radical is the difference of the qaantiealeaces of its elemen- 
tary atoms. Thus, the quantivalence of N is 5, and that of O^ ia 
4; and that of the radical NO, is i. The quantivalence of SO^ 
is 3, that of S being J, and that of O^ being 4. The quantiva- 
lence of PO is 3, that of P being 5, and that of O being 2. 

The quantivalence of ClO^ is i. This radical illustrates the 
way in which elements often seem to combine. The 2 atoms of O 
unite with each other, and thus neutralize 2 of their equivalents, 
leaving i unsaturated. Now i of these is neutralized by the 
CI, leaving i unsaturated. Thus ClO^ becomes a !i»n-alent. 

CHEMICAL TYPES. 

7. Types of Chemical Compounds. — "There are three modes 
or forms of atomic grouping to which so large a number of sub- 
stances may be referred, that they are regarded as molecular 
types or patterns, according to which the atoms of a molecule 
are grouped together The three compounds, hydro- 
chloric acid, water, and ammonia, tICI, HjO, and H3N are 
generally taken as the representatives of these types ; and sub- 
stances are said to belong to the type of hydrochloric acid, to 
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the type of water, or to the tjpe of ammonia, as the case tnaj 
be. . . . It will be noticed that in the first of theee types a single 
univalent atom or radical is united to another single univalent 
atom; that in the second, a bivalent atom binds together two 
univalent atoms, or their equivalents ; that in the third a triva- 
lent atom binds together three univalent atoms, or their equi- 
valents." 

8- Co»densed Tyfes. — " In the same waj that a bivalent atom 

may bind together two univalent atoms or their equivalents, so 
also it may serve to bind together two Molecules; and, in like 
manner, a trivalent atom may bind together three molecules into 
a more complex molecular group ; and thus are formed what are 
called condensed tyfies" 

9. Metallic Chlorides.— ^.W the metallic chlorides, fluorides, 
bromides, iodides, and cyanides may be considered as belonging 
tr> the muriatic acid type. In those of the monad metals, there 
is no condensation, or soldering together of molecules. Thus 

HCl (muriatic acid). 
AgCl (argentic chloride). 

Here one atom of hydrogen in a molecule of HCl may be re- 
garded as replaced by an atom of a univalent metal. 

The chlorides, etc., of the bivalent metals may be regarded as 
formed by the soldering together of 2 molecules of HCl by a 
bivalent atom which replaces the H. Thus, — 

^^1 1 (two molecules of muriatic acid). 

Ca ^] j = CaCla (calcic chloride). 

The chlorides, etc., of the trivalent metals may be regarded aa 
3 molecules of HCl, soldered together by a trivalent atom, which 
has replaced the H. Thus,— 

Hcn 

HCl \ (three molecules of muriatic acid). 
HCl J 

cn 

Au 01 ]- = AuCia (auric chloride). 



uCl ;- 
ClJ 
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The chlorides, etc., of the quadrivalent metals may be re- 
garded as four molecules of IICl, soldered together by a quad- 
rivalent atom which replaces the H. Thus, — 



CI 



(four molecules of muriatic acid). 



^ PtCIj (plaUnic chloride). 



The symbol of almnhnc chloride is Al^Cie- Here, although 
Al is ^K3oViValent, \\ is only sea^iValent, not oc/^Valent. Two 
atoms of CI seem to combine with each other, and thus neutral- 
ize 2 of their 8 equivalents. There are several cases like this. 
Chromium, iron, manganese, uranium, and some other metals 
are both bivalent and quadrivalent. When quadrivalent, they 
combine like alumimum. Thus we have — 



iMn^C 
1 UaCl, 



naClfi, manganic chloi 



As bivalcnts, they form the following chlorides : — 

CrClj, chromous chloride. I MnCl^, tnanganous chloride. 

FeCIa, ferrous chloride. 1 UCla, uraiious chloride. 

The bivalent mercury forms the two chlorides, HgCl^, mer- 
curic chloride, and Hg^Clj, niercurous chloride. In the last, the 
2 atoms of Hg combine with each other, and thus neutralize 
1 of their 4 equivalents, leaving the other j to be neutralized by 
the Clj. The bivalent copper is like mercury in this respect. 

lo. Bases. — The bases belong to the water type, and may be 
regarded as made up by replacing a fari of the H of the H^O 
by an equivalent of a metallic element. In the bases of the 
B«iValent metals, i atom of H is replaced \iy I of the univalent 
metal. Thus,— 

HH0 = H30. 

KHO = potaasic hydrate. 
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The bases of the Bivalent metals are of a condensed type, 2 
molecules of IlaO being soldered together by a bivalent atom, 
which replaces an atom of H in each. Thus, — 

CaHaO^^ calcic hydrate. 

The bases of the irivalent metals are also condensed in type, 
3 molecules of H^O being soldered together by a trivalent atom. 
Thus, — 

HgHgOg^SlIaO. 

Aull30„= auric hydrate. 

The quadrivalent aluminium forms a base by soldering- to- 
gether 6 molecules of H2O with i trivalent atoms. Thus, — 

Hi,H605 = 6Hp. 
Ai^HeOa^aluminic hydrate. 

It will be seen that this hydrate is analogous to the aluminlc 
chloride already explained. In the same way, chromium, iron, 
manganese, and uranium, as quadrivalents, form the hydrates — 

CrsHjO^, chromic hydrate. 
FejHaOg, ferric hydrate. 
Mn^HjOg, manganic hydrate. 
UaHcOa, uranic hydrate. 

As bivalents, they form the bases — 

CrHjOa, chromous hydrate. 
FeHgOa, ferrous hydrate. 
MnHaOa, manga nous hydrate. 
UH2O2, uranous hydrate. 

Mercury also forms two bases, HgHgOj and HgaH^Oj, corre- 
sponding to its two chlorides. 

II. Basic Oxides. — Basic oxides belong to the luater type, 
and may be regarded as formed by replacing all the H of one or 
more molecules of H2O by an equivalent of metal. 
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In the «-. 
univalent 


wvalent osides, 2 equivalents of H a: 
atoms. Thus, — 

HaO = water. 

Ag20 = argentic oxide. 


re replaced hy 





H,0 = water. 




CaO = calcic oxi 


In the mValent oxides, 6 equivi 


2 trivalcnt ati 


jms, which bind toj 


Thus, — 






H,03 = 3H,0, 




AuPa- auric 



AljOj, aluminic oxide, Fe^O^, ferric oxide, CrjOj, chromic oxide, 
MnaOj, manganic oxide, and U^O,, uranic oxide, are formed in 
the same way as the trivalent oxides', 2 of the metallic equiva- 
lents in each case being neutralized by the metal itself, as in 
their chlorides and hydrates. Al! these metals, except Al, form 
regular bivalent oxides, whose names take the ending -ous. Hg, 
besides its bivalent oxide, HgO, forms a merciirous oxide, Hg^O. 
12. Acids. — The oxyacids belong to the ivater type, and may 
be regarded as formed by replacing a part of the H of one or 
more molecules of H^O by an equivalent of a non-metallic eie- 

Niirous acid is formed by replacing 3 atoms of H in 3 mole- 
cules of H3O by 1 of the trivalent N. Thus, — 

HHsOa^aHjO. 
HN02 = nitrous acid. 

Nitric acid may be formed by replacing i atom of H in i 
molecule of H^O by the univalent radical NOa- Thus,— 

HHO = HjO. 

HNOjO= HNO3 (nitric acid). 
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n of H is replaced by the univalent radi- 



HHO = IIsO. 
HCIOO = HCIOa. 



If the atom of H be replaced by the univalent ClOj, we get 
HCIO3, chloric acid. 

When 2 molecules of water are soldered together by the bi- 
valent O, we get HaSOO, or H^SOs, sulphuyous acid. If the 
bivalent SO^ solders the 2 molecules of II^O, wc get IlsSO^Oa 
or H2SO3, iulphuric acid. 

When 3 molecules of H^O are soldered by the trivalent P or 
As, wc get HgPOj, phosphorous acid, and H^AsOg, arseaious 
acid. If the 3 molecules of HjO are soliJered by the trivalent 
PO or AeO, we get HjPO^, phosphoric acid, or HaAsOj, anenic 
acid. 

Boracic acid, HBOj, is formed by replacing 3 atoms of H in 3 
molecules of HjO by the trivalent B. 

Silicic acid, HjSiOj, is formed by replacing 4 atoms of H in 
4 molecviles of H^O by the quadrivalent Si. 

Carbonic acid, HjCOj, is formed by replacing 2 atoms of H in 
2 molecules of H^O by the bivalent CO. 

13. Aukydrides. — The anhydrides belong to the wafej- type, 
and are formed by replacing all the H of one or more molecules 
of HjO by an equivalent of a non-metallic element or radical. 
Thus, — 

HHO = H^O. 

inhydride). 

C00 = C02 (carbonic anhydride). 
sb^O = SOg (sulphuric anhydride). 
H^HaOii^ 31120. 
POPOOg = PaOg (phosphoric anhydride). 

14. Salts. — y^Yi^a the H of a base is replaced by a non- 
metallic element or radical, or the H of an acid by a metallic 
element or radical, a salt ia formed. Thus, — 
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KHO gives KCIO (potassic hypochlorite). 
NaHO gives NaNOjO =NaN03 (sodic nitrate). 

CaH^Oj gives CaSOsOj= CaSO, (calcic suiphate). 
CaHaOi gives CaC002 = CaC0a (calcic carbonate). 
Again, — 

HNO3 gives KNO3 (potassic nitrate). 
H2SO, gives CUSO4 (cupric sulphate). 
H3PO4 gives KjPO, (potassic phosphate). 

The nitrates of the metals are analogous to the chlorides, 
with NOa in place of the CI. The sulphates are analogous to 
the oxides, with SOj in place of the O. Thus, — 

KCI KNO3 (potassic nitrate). 

CaCla CaiNOg (calcic nitrate). 

AlaClfl AlaSNOa (aluminic nitrate). 

K2O2 KjSO^ (potassic sulphate). 

CaO CaSO, (calcic sulphate). 

AI2O3 Al^sSOj (aluminic sulphate). 

The clilorotes are like the nitrates ; and the carbonates like 
the sulp&ales, with COa in place of SO4. 

The sulphides are like the oxides. 

15. Siibstilution. — "When cotton-wool is dipped in strong 
nitric acid (rendered still more active hy being mixed with twice 
its volume of concentrated sulphuric acid), and aftenvards 
washed and dried. It is rendered highly explosive; and, al- 
though no important change has taken place in its outward 
aspect, it is found on analysis to have lost a certain amount of 
hydrogen, and to have gained from the nitric acid an equivalent 
amount of nitric peroxide, NOj, in its place." 

Ci3H,i,0,a (cotton) becomes Ci4Hi4(NOi)aOio (gun-cotton). 

Under the same conditions, glycerine undergoes a like change, 
and is converted into the explosive nitro-glycerine. 

CgHisOs (glycerine) becomes CaH„(N02)sOa (nitro-glycerine). 
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So also the hydro -carbon, naphtha, called hemoU, is changed 
into nitro-benzole. 

CeHj (benzole) becomes CeHjCNOa) (nitro-benzole). 

" The last compound is not esploslve, and the esplosive 
nature of the first two is, in a measure, an accidental quality, 
and is evidently owing to the fact, that into an already complex 
structure there have been introduced, in place of the indivisible 

atoms of hydrogen, the atoms of a highly unstable radical, rich 
in oxygen. The point of chief interest for our chemical theoi-y 
is that this substitution does not alter, at least profoundly, the 
outward aspect of the original compound. Every one knows 
how closely gun-cotton resembles cotton-wool. In like man- 
ner, nitro-glycerine is an oily liquid, like glycerine; and nitro- 
benzole, although darker in color, is a highly aromatic, volatile 
fluid, like benzole itself. Products like these are called substUu- 
iion froducts ; and they certainly suggest the idea that each 
chemical compound has a certain definite structure, which may 
be preserved even when tile materials of which it is built are, in 
part, at least, changed. If, in the place of firm iron girders, we 
insert weak wooden beams, a building, while retaining all its 
outward aspects, may be rendered wholly insecure. And so the 
explosive nature of the products we have been considering is not 
at alt incompatible with a close resemblance, in outward aspects 
and internal structure, to the compounds from which they are 

i6. Isomorphism, — "Closely associated with the facts of the 

last section, which find their chief manifestation in substances 

of organic origin, are the phenomena of isomorphism, which are 

equally conspicuous among artificial salts and native minerals. 

There seems to be an intimate connection between chemical 

composition and crystalline form, and two substances which, 

under a like form, have an analogous composition, are said to 

be isomorphous." The following minerals are isomorphous ; — 

Calcite, or calcic carbonate, CaCOj 

Magnesite, or magnesic carbonate, MgCOj 

Chalybdite, or ferrous carbonate, FeCOg 

DiaLlogite, or manganous carbonate, MnCO^ 
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"The most curso:-y examination of these symbols will show 
that they differ from each other only in the faet that one metallic 
atom has been replaced by another. It is not, however, every 
metallic itom wh ch can thus be put m without tltering the 
form This is a pecul anty which is conli td to certain groups 
of elements which for this rea'Jon arc ciiled groups of tsomor 
fkous elements Moreover as a rule tl ere s i close resem 
blance between the members of anj one of these j,roup= in all 
their other chemical relit ons The=e facts like thost ot the 
last section tend to show that the molecules of eierv substince 
have a determinate structure wh ch adm ts ol a 1 m ted suboti 
tntion of parts w thout undergoing cssent al change but which 
is either deatrojed or takes a new shipe when in place of one 
of its constituent" we fo ce in an unconforroable eltment A 
well known class of art Iil al salts called the alums affords even a 
m re t k' g 11 tr f f th ' ' 1 f ' m ph" m th 



§> 



th 



C H O 



When, however, the differences are not sufficiently great to 
justify a distinct name, the two bodies are said to be different 
allotrofic states of the same substa,tice, and the phenomenon is 
called alloiropism. Thus, there are thi-ee varieties of tartaric 
oc/rf which differ in their action on polarized light, but which 
are in almost every other respect identical. 

Sometimes a substance crystallizes in fundamentally different 
forms, as calcic carbonate in the minerals calcite and aragonite. 
This phenomenon is called polymorphism, and ia invariably 
accompanied by a marked difference of properties. 
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Differences of this kind, even more marked, are found among 
eiementai-y substances, and give strong grounds for believing 
that tliese elements maj be really composite. 

ELECTRICAL RELATIONS OF THE ELEMENTS. 

j8- When tlie electric current is passed through any compound 
liquid which is a conductor of electricity, the liquid is decom- 
posed ; its atoms, or radica.ls, travelling in opposite directions 

towards the two poles. Thus, when the current is sent through 
muriatic acid, the hydrogen atoms go towards the negative pole, 
or cathode, and the chlorine atoms towards the positive pole, or 
Bnode. There are certain elements and radicals which, like 
hydrogen, always go towards the negative pole; and certain 
others, like chlorine, which always go towards the positive pole. 
The former are called electro-fositive, and the latter eUctro-neg- 
ative elements. There are other elements which in some of 
their compounds are electro- positive, while in others they are 
electro- negative. The electrical relations of the elements are 
best shown by grouping the elements in series, so that each 
member of the series shall be electro-positive when in combina- 
tion with the elements which follow it, and electro- negative 
when combined witli those which precede it. It is found that 
the non-metals are always negative when combined with tlie 
metals, which are then positive. The electrical relations of the 
metals show that hydrogen, although a gas, and the lightest 
substance known, is really a metal. It is the one gaseous metal, 
as mercury is the one liquid metal. 

CLASSIFICATION OF THE ELEMENTS. 

19. 7Xe ^e/a/s.^ The electrical relations of the elements, as 
well as their formation of bases and acids, show that there is a 
fundamental distinction between metals and non-metals. " The 
characteristic qualities of a metal, with which every one is more 
or less familiar, are the so-called metallic lustre, that peculiar 
adaptability of molecular structure known as malleability or 
ductility, and the power of conducting electricity or heat. These 
qualities are found united and in their perfection only in the true 
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m t I Ith ugh one, or even two of them, are well developed 

1 lementary substances, which, on account of their 

h m 1 q alities, are now almost invariably classed among 

th m tals ; as, for example, selenium, tellurium, arsenic, 

t m y boron, and silicon." 

6 / eof Classification. — " The classification of the cle- 

m t y t ms which has been adopted in this book is shown 

th t bl on page iSo. The atoms are classed, in the first 

pi families, according as in their usual condition they 

q 1 nt to one, two, three, four, five, or six atoms of 
hyd These families are subdivided into groups, separated 

bj b he table, of closely allied elements. The atoms of 

y f hese groups are isamorplious, and thej- are arranged 

in the order of their weights, which is found to correspond also, 
in almost every case, with their electrical relations. Each group 
forms a very limited chemical series; and not only the weights 
and the electrical relations of the atoms, but also many of the 
physical qualities of the elementary substances vary regularly as 
we pass from one end of the series to the other. The order of 
the variation, however, is not always the same; for while, in 
some cases, the lightest atoms of a series are the most electro- 
negative, in other cases they are the most electro-positive." 

DOUBLE DECOMPOSITION. 
21. The salts, both binary and ternary, are ordinarily formed 
by a double transfer of elements, as shown in the following 
equation: — 

H2SOj4-BaH302 = BaSO, + 2l!20. 

Such a double transfer of elements is called double dccomfosiiion. 
The change which takes place is usually called simply a reac- 
tion. 

On milting any two solutions, such a change will always take 
place, when an insoluble or volatile compound would thereby be 
formed. 

In working out the following reactions, it must be borne in 
mind that it is always the metah which change places ; and that 

12 
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they must always be in equivalent quantities. It is better in all 
cases to indicate by tiie proper mark the combining power of 
the elements which are to replace each other. Before beginning 
to work the problems of the next section, the student should be 
able to read and explain all the equations given below, and 
especially to give the reason for the number of molecules used 
in each case. If mare molecules than one are used in any case, 
it is always in order that the combining units of the elements 
which replace each other may be equal. 

HaS +Pb2N03=2HN05 +PbS. 
3HN03+BaH202 = Ba2NOa+3H20. 
3H2S +2AECI3 =6HC1 +AS2SB. 
BiCIs +2K.I =B]I, +3KCI. 
2HCI +Pb2N03 = 2HNOa + PbCl2. 
2AgN03 + CaCla =Ca3NO;,+ 2AgCI. 
CaSOi + Ba2N03 = Ca2NOj+BaSOj. 

PROBLEMS. 

I. Show the reaction between plumbic nitrate and sodic 
hydrate. 

Pb2N03+3HNaO = PbH202 + 2NaN03; 

that is, plumbic nitrate ^/ks sodic hydrate gives plumbic hydrate 

2. Plumbic nitrate and sulphuric add. 

3. Cupric sulphate and potassic hydrate. 
4- Manganic sulphate and sodic hydrate. 

5. Zincic sulphate and potassic hydrate. 

6. Cobaltic nitrate and sodic hydrate. 

7. Manganic sulphate and ammonic carbonate, (H,N)2C0b. 

8. Baric nitrate and ammonic carbonate. 

9. Calcic sulphate and ammonic carbonate, 
lo. Strontic nitrate and calcic sulphate. 
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II, Aluminic sulphate and amnionic hydrate. 
II. Ferrous nitrate and ammonic hj'drate. 

13. Hydric chloride and argentic nitrate. 

14. Hydric chloride and plumbic nitrate. 

15. Hydric chloride and mercurous nitrate. 

16. Hydric sulphide and argentic nitrate. 

17. Hydric sulphide and plumbic nitrate. 
iS. Hydric sulphide and mercurous riitrate. 
19. Argentic nitrate and potassic iodide, 
so. Potassic iodide and plumhic nitrate. 
21. Potassic iodide and mercurous nitrate. 

23. Stannous chloride (SnCla) and hydric sulphide. 

23. Stannic chloride (SnClj) and hydric sulphide. 

24. Bismuthic chloride and hydric sulphide. 

25. Stannous chloride and potassic hydrate. 
36. Auric chloride and hydric sulphide, 

27. Mercuric chloride and hydric sulphide. 
2S. Platinic chloride and potassic iodide* 

29. Auric chloride and potassic iodide. 

30. Cupric sulphate and hydric sulphide. 

31. Mercuric chloride and potassic iodide. 
31. Cupric sulphate and potassic iodide. 

33. Aluminic chloride and ammonic hydrate. 

34. Baric chloride and ammonic carbonate. 

35. Calcic chloride and ammonic carbonate. 

36. Baric chloride and sodic hydrate. 

37. Strontic chloride and calcic sulphate. 

38. Argentic nitrate and aramoriic hydrate. 
39- Argentic nitrate and sulphuric acid. 
40. Cadmic chloride and hydric sulphide. 



If additional problems are desired, they can be easily prepared 
by the teacher. 

The Table on the following page is from Professor Cooke's 
"First Principles of Chemical Philosophy." All the direct quo- 
tations in this chapter are from the same book, our great Indebt- 
edness to which has already been acknowledged in the Preface. 
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NOTES ON EXPERIMENTS. 



APPARATUS. 



The following list includes ail the apparatus needed for the 









; trough. — Gases which are not absorbed hy 
water, or but slightly so, can be collected by first filling the 
vessel with water, and inverting it with its mouth under water. 
The tube through which the gas is escaping is introduced under 
the mouth of the jar, and tiie gas rises and fills the jar. 

For collecting gases in this way, a pneumatic trough is useful 
and almost indispensable. This apparatus consists of a vessel 
deep enough to allow of filling and inverting under the water 
any of the jars ordinarily used. A shelf perforated with holes 
extends across the vessel about an inch under the surface of the 
water. After the jar is filled with water and inverted, it is set 
upon the shelf over one of the holes. The delivery tube (which, 
except the part passing through the cork, may be of rubber) is 
then passed into this hole, and the jar filled. It is convenient 
to have a shelf large enough to hold several jars, after they have 
been filled with gas. 

The best pneumatic trough is made of soapstone or copper; 
but any vessel which will hold water and has a perforated shelf 
will answer the purpose. The teacher can easily provide him- 
self with such a trough at little expense. 

2. Two glass cylinders: one, r inch in diameter and 5 inches 
deep ; the other, li inches in diameter and 7 inches deep. These 
should have ground mouths and be provided with ground-glass 
plates for covers. 
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3- Two two-quart glass jars, with ground mouths and ground 

4. Two nipper-taps. A nipper-tap is a convenient substi- 

Bv meins of it a 
rubber tube can be 
pinched ilosc. The 
bcit kind IS shown 
(full sizel in Figure 
33 The tube IS com- 
preosed by a spring, 
i; One two gillon india rubber gas bag This mt\ be closed 
with a rubber cork, through which paosca ^ short gHsg tube, 

conneaed with a second glass tube bj a short piece of rubber 
tubing, which mij bt closed with a nipper tap Such an ar- 
rangement 15 cheaper than a stop gock, and better, since gases 
Bome times corrode the latter 

6 A bottle geneiator This consists of a wide mouthed pint 
bottle, closed with a rubber cork, through which pass two tubes ; 
one, large and straight, and passing nearly to the bottom ; the 
other, small, and bent at right angles, passing only through the 
cork. An ordinary cork will answer, but rubber corks are 
always to be preferred for chemical apparatus. They cost more 
at first, but they last much longer, and make perfectly tight 
joints. 

7. Three haif-pint flasks. One, at least, of these should have 
a rubber cork through which passes a bent delivery- tube. 

8. An iron lamp-stand with three rings. 

9. A lamp. A Bunsen's lamp is much to be preferred where 
gas is to be had; otherwise, an alcohol lamp. 

10. A wooden retort-holder with two damps. 

11. A hydrogen generator. The most convenient apparatus 
for preparing hydrogen is the self- regulating generator shown 
in Figure 33. It consists of a glass vessel closed with a metallic 
cap. A bell-shaped glass vessel, open at top and bottom, is fast- 
ened to this cap by an air-tight joint. A tube closed by a stop- 
cock passes through the cap into the bell-shaped vessel. A 
copper bucket perforated with fine holes is hung from a hook 
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■: de thi ic =el THs buLket is filled uith 



sheet z 



b ts 



lb then put in 
opened The a 







the acid 



The oute vehsel i^ filled iboi t two thuds d 
oi dilute s ilphunc ac d (the ord niry oil of " 
1 tnol diluti.d with iboit ten p^ils of water) 
The met-illii. cip with the bell i;Kss attached 

! pKce and the 

la first dm en out and the 

; II uontict with the 

L Jt and hjdroE,en 11 given 
Whe 1 Biftiueit hjdrogen 
h been tbtained the stop cock is closed the 
hvd ogen generited collects tn the upper part 
ot the bell gh 1 ind drnes the a 
s dm en out the iction ceases until the stop cock is opened 
again, and the hydrogen allowed to escape. By means of rubber 
tubing, the hydrogen can be conveyed from the generator to the 
jar or vessel in which it is to be collected. When hj-drogen 
is to be burned, the greatest care must be taken that all the air 
is driven out of the apparatus before the gas is collected. 

12. A chlorine tube. This is a glass-tube, i of an inch in 
diameter, and 15 inches long, closed at One end. The other end 
should be provided with a rubber cork, through which passes a 
glass tube drawn out to a fine jet inside. This should be con- 
nected with a small glass funnel by means of a short piece of 
rubber tubing, which may be closed by a nipper-tap. 

13. Two small beakers. 

14. Two evaporating dishes. 

i;. A U-tube (Figure 5). One end of the tube should be 
closed, and near this closed end two platinum wires should 
pass through the sides so as nearly to meet within. These 



lould t. 



It u 



t the bend, as represented 
ince it may be held in the 



that the U-tube should be tubulated a 
in the figure, or fastened to a stand, s 
clamp of the re tort- holder. 

16. A chalk cup. This is a cylinder of chalk, about ij inches 
in diameter and 2 inches high, hollowed out at the top. 

17. Awash-bottle. This is like No. 6. The rubber tube which 
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IB delivering tiie gas should be connected witli a glass tube small 
enough to pass down through the straight glass tube to the 
bottom. 

18. A nitric-oxide beli and jar. The bell is half the capacity 
of the jar, and the mouths of both arc ground, so as to fit to- 
gether air-tight. 

19. An asbestos tube. 

20. A half-pint tubulated retort. 
31. A dozen 5-inch test-tubes. 

22. Half a pound of glass tubing, J of an inch in diameter. 
33. 4 feet of rubber tubing, i of an inch in diameter. 
The following additional apparatus will be needed for experi- 
ments with the oxy-hjdrogen blowpipe : — 

Two 35-gallon gas-bags, with stop- cocks and tubing. 

An on J- hydrogen jet. 

A copper flask for making oxygen. 

EXPERIMENTS. 

1. (5 I, Sxp. I.) Use bottle generator (No. 6 in list of appa- 
ratus above). The end of the long tube must be kept beneath 
the surface of the acid. The acid is diluted with a or 3 parts of 
water. The hydrogen may be collected in the small glass cylin- 
der (No. 3) ; but the gas which first comes off must not be col- 
lected, as it is mixed with air, and therefore explosive. 

2. (§ I, £xp. 2.) Use flask (No. 7) with rubber cork. Pour 
in strong muriatic acid first, so that none of the dry manganese 
may slick to the flask. Use only a small quantity of the mate- 
rials, as the chlorine is very disagreeable if it escapes into the 
room. It is well to have a large jar filled with water, ready to 
receive any chlorine that may come off after the small cylinder 
has been filled. It will be well also to let the gas which first 
comes off pass into this Jar until the air is expelled from the 
flask. The flask should be supported on the ring of the lamp- 
stand (No. 8), and should be separated from the flame, either by 
a sand-bath or, better, by a piece of fine wire gauze. 

3. (5 1, Ex^. 3.) Use the smaller glass cylinder (No. a). 
Let the hydrogen pass in first until it is half full, and then fill 
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r into the flame, 
reful to keep the 



tlie remainder with chlorine. Close the cylinder under water 
with the glass plate, bring it near the lamp, remove the glais 
plate, and quickly put the mouth of the cylinder 
The explosion is not very violent with these s 
Never attempt to use large quantities, and be c; 
mixed gases out of direct sunshine. 

Another way of per- p^_ ,^ 

forming the experiment 
is to use two cylinders of 
the smaller size (No. 2), 
filling one with hydrogen 
and the other with chlo- 
rine. Cover them with the 
glass plates and place 
thLm together mouth to 

mouth as represented in 
F ^ure 34 Then w th 
draw the gliso plat 
keepmg the moiths of : 
the cylinders together 
shako the c^l nders to miM 
burning limp as shown 11 

4. il 2, £*/. I.) The 
sodium used must be pure, 
else there is danger of an 1 
explosion. The smaller 
cylinder (No. 3) mu t be 
used and held in the 
clamp of the retort holdi-r 
(No. 10). The sodium 
may be first thrown upon 
thewater, and thtn thrust ' ~~ ~- ^ 
under the cylinder b^ means of a perforated mctilhc cup wh ch 
may be made out of a th mble by punchmg 1 fe« holes through 
the top, and fastening 1 wire round it for a handle 

5. (§ 3, £x^. 2.) The water may be saturated with chlorine 
by putting it in a wash-bottle (No. 17), and allowing the chlo- 
rine to pass through it as long as it is taken up by the water. 
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The deli very- tube of the bottle should be connected with a jar 
over the water-trough, in order that no chlorine may escape into 
the room. The chlorine water thus prepared may be put in the 
larger cylinder (No. 2), inverted in a Eoup-plate of water, and 
set in the sunshine. 

6. (g 2, Bxp. 3,) Fill one of the jars (No. 3) with oxygen, 
and let it stand over the trough long enough to drain. Burn the 
hydrogen as it escapes from the generator (No. 11) through a 
glass tube bent at right angles and drawn out to a fine jet; and 

hold the jar of oxygen over the flame. 

Glass tubing may be bent by heating it red-hot in the flame 
of the lamp. A tube may be drawn out to a fine jet by heating 
the middle red-hot, and then quicldy pulling the ends apart. It 
may be cut by scratching it a little on one side with a three- 
cornei-ed file, and then bending it over the thumb-nails, held 
close together on the side opposite the scratch. 

7. (§3, .Ea/. I.) Fill chlorine tube (No. 12) with chlorine 
over the water-trough. Close the mouth while under water with 
the thumb, invert it, and Insert the cork. Pour a little strong 
ammonia into the funnel, and let it drop slowly into the tube by 
means of the nipper-tap, to the depth of half an inch. Close 
the nipper-tap, and pour off the ammonia from the funnel ; and 
then fill the funnel with water, and let It run into the tube, care 
being taken to keep water in the funnel all the time, so that no 
air may get into the tube. 

In this and all other cases where chlorine is to be used, it will 
be best to prepare it beforehand, and keep it in a gas-bag till 
wanted. On its way from the generating flask to the gas-bag, 
it should be passed through a wash-bottle containing a small 
a Th g d to remove any muriatic 

adhhm bn nd uld corrode the bag. 

856^;* F bnueinthe first place with 

w h h h b d nvert it over water. Then 

w hyd g n p from the generator, and 

m g n n b ich has been previously 

hdwhhg h e, one can readily get the 

p p Th b h not be more than two- 

h d g d onsiderable excess of one 
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gas should be used, so that enough may be left for testing. 
After putting the gases into the tube, close it with the thumb, 
raise it from the water, and tip it so that the gases may pass into 
the closed arm ; then pour out a little of the water, and again 
close it with the thumb. Connect the outer coating of a charged 
Lejden jar with one of the platinum loops, by means of a wire 
or chain, and bring the knob of the jar in contact with the other 
loop. After the spark has passed, again fill the open arm with 
water, close it with the thumb, and tip the tube so as to transfer 
the remaining gas to the open arm, and there test it. 

9. (§ 10, ExJ:. I.) As explosions sometimes occur in the 
manufacture of oxygen, care should be taken that the chemicals 
are pure ; and it would be well to test each purchase hy putting 
some of the potassic chlorate in an iron spoon and heating it 
over a spirit lamp until it is melted; then stir into it with an 
iron wire some of the black oxide of manganese; and if these 
materials are not good, an explosion will take place, and a 
whitish mass with red spots in it will be left in the spoon. If, 
however, the chemicals are pure, there will be no explosion, and 
the melted mixture will soon dry up, leaving a dark gray re- 
siduum. If the bubbles come over too violently, remove the 
lamp for a few minutes until they come more moderately. 

A glass fiask may be used ; but as it is liable to break, a cop- 
per flask may perhaps be found cheaper in the long run, espe- 
cially if one has to make oxygen often. 

la (5 II, Exp. I.) Use glass jar (No. 3). The charcoal may 
be fastened to a piece of wire and ignited in the flame of a lamp. 
It is well to have the other end of the wire attached to a copper 
or wooden disk, which serves to cover the jar while the charcoal 
is burning. 

Lime-water may be made by putting a small quantity of 
slaked lime into a jar (No. 3) of water, stirring it thoroughly, 
and allowing it to settle. The clear liquid may then be poured 
off into a bottle, and kept for use. 

II. (§ II, Exp. 2.) Fill a jar (No. 3) with oxygen, and let it 
stand to drain. Put a piece of sulphur in the chalk cup (No. 
16), ignite it by touching it with a red-hot wire, and invert a 
jar of oxygen quickly over it. The jar should be kept closed 
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with the plate until it is inverted, and brought just over the sul- 
phur. The chalk cup should stand in a shallow dish of water, 
so that the mouth of the jar may dip under the water and pre- 
vent the SOj from escaping into the room. 

13. (§ n, Exp. 3.) The phosphorus may be burnt in the 
same way as the sulphur. As phosphorus is a very inflammable 
substance, and as burns from it are very slow to heal, great 
caution must be exercised in using it. The sticks must always 
be cut under water, and it must be carefully dried, by pressing 
it between pieces of unsized paper, before it is burnt; else it will 
fly about in a very disagreeable and dangerous manner. It 
should always be lighted by touching it with a heated wire, 
never by holding it in the flame of a lamp. 

13. (§ II, JExp. 4.) The watch-spring' should be either 
straightened out or formed into a spiral, and fastened to a disk 
of copper or wood, as above described. Water should be left in 
the bottom of the jar to the depth of two inches or so, that the 
melted globules of iron may not burn into the jar. 

14. (§ i2y Exp. I.) Ozone may he most easily prepared by 
pouring a little ether into a jar (No. 3), and then when the air 
in the jar has become saturated with the vapor of ether, stirring 
the air with a glass rod heated nearly to redness. 

'5- C§ 20, Exp. I.) In making hydrogen, use the hydrogen 
generator (No. 11). 

16. (§ 21, Exp. 1.) Mix the gases in the gas-bag, letting each 
gas pass in separately. The quantities can he estimated nearly 
enough by the eye. Fasten an ordinary clay tobacco-pipe to 
the gas-bag, hold the mouth of the pipe in soap-suds, and 
press out the mixed gases in a gentle stream. For obvious 
reasons, the nipper-tap should be closed before the bubbles 
are lighted. 

17. (5 28, Exp. I.) Fill the bottle generator (No. 6) one- 
third full with strong ammonia, and connect the large tube with 
a rubber bag filled with chlorine. Connect the delivery-tube 
with the wash-bottle (No. 17), and the delivery-tube of the wash- 
bottle with the larger cylinder (No. 2). Force the chlorine 
through the apparatus by compressing the bag. Care must be 
taken not to force an excess of chlorine through the a 
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lest the very esplosire nitric chloride (page 28) be formed. 
There is little danger, liowever, if strong ammonia is used. 
18. (§30, S*/. 1.) Use the bottle generator (No. 6). First 



pour in water enough to cover the bits of copper (bra 
■will do as well), and then pour in gradually strong 
The gas is very poisonous, and should not be allowe 



nickel 
to escape 



19. C§ 30, Exp. 2.) The management of the experiment is the 
same as in the burning of phosphorus in oxygen (12). 

20. (§ 30, Bxp. 3.) The gases may be mixed In a gas-bag. 
It is not necessary that the proportions should be exact. 

31. (§ 33, Bxp. I.) Use nitric-oxide bell and jar (No. 18). 
Fill the beil with oxygen, and the jar with nitric pjg. j^. 
oxide. The jar should be closed with a plate and 
eet on the table, and the bell of oxygen set on the 
plate covering the jar (Figure 36). When the ex- 
periment is to be tried, the plate should be drawn 
out, and the mouths of the bell and jar allowed 

22. (5 36, Enp. I.) Use tubulated retort (Xo. 
30). Only a small quantity of the atnmonic nitrate 
need be used. The retort must not be heated too 
much, lest the gas should come off with explosive 
violence. 

23. (§ 377 Exp. 1.) Gases, like ammonia and muriatic acid, 
■which are absorbed by water, must be collected over mer- 

For the experiments of this boolt we think a mercury-trough 
a needless luxury. An evaporating dish of Berlin porcelain 
answers every purpose. One five inches in diameter is large 
enough to use with the cylinders mentioned above. It should 
be set in a shallow disii of strong glass or earthen ware, to pre- 
vent loss of mercury in case of accident. It should then be 
filled nearly full of mercury. The cylinder to be used is next 
filled with mercury to the brim. The ground-glass cover is then 
placed on the mouth of the cylinder and held firmly with the 
right hand, the cylinder inverted, and its mouth plunged beneath 
the mercury in the evaporating dish. It is well to put the cylin- 
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der in a strong dish wiien jou are filling and inverting it, to 
snve any mercury which may be spilled. After the cylinder is 
filled and inverted over the mercury in the dish, the plate is 
slipped from its mouth, and the cylinder is securely fastened in 
the clamp of a retort- stand, so that its mouth is held about 4 or 
I of an inch above the bottom of the dish. 

To fill the cylinder with ammonia gas, a little aqua ammonia 
is put into a flask provided with a delivery-tuhe, and gently 
boiled. To the delivery-tube is attached a piece of rubber tub- 
ing to connect it with the cylinder, A short piece of glass tub- 
ing with its end slightly turned up must be fastened to the end 
of the rubber tube, so that the gas may be introduced into the 
cylinder through the mercury. On first boiling the aqua am- 
monia, a large amount of air passes over from the flask. The 
ammonia gas must not be collected until this has all passed 
over. To determine when this has taken place, put the glass 
tube at the end of the rubber tube into ft vessel of water; when 
heat is first applied to the flask, bubbles of gas will rise from 
the end of the tube through the water as long as any air comes 
over. When the air is all over, the ammonia ga is absorbed 
by the water as fast as it comes over, and no bubbks r se to the 
surface. After the air ceases to come ovei plunge the end of 
the glass tube into the mercury, and introduce it u dcr tl e 
mouth of the cylinder. The gas will rise mto the j r ind di 
place the mercury. 

When the cjlinder la filled with 
^■"' ammonia, close it with a glass 

plate, and lemoie it to i vessel of 
water; then open the mouth of 
the jar under the water (Fig- 
ure 37)- 

H- (§43. jEjy'- I-) The oxalic 
acid may be heated with sulphuric 
acid in a flask, and the solution 
of soda put in a wash-bottle- 

25. (§45,^:*;). I.) In both ex- 
periments, the sulphur should be 
heated cautiously, that it may not 
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take fire. Figure 3S shows t e needle 
shaped crystals ■which may be o a ned 
by the first experiment. 

26. (§ S3, Exp. I.) With the a d of 
an air-pump, phosphorus may be bu nt 
in chlorine in the following manne 
Place the challt cup, with a b t o p 05 
phorus in it, on the bottom ot the n t c _ 
oxide jar (No. iS), and cove the ji -^ 

with a well-fitting glass plate which has - 

in its centre a round hole, \ of an inch in diameter. This hoie is 
closed with a rubber cork, through which passes a glass tube 
connected with a second glass tube by a short piece of rubber 
tubing provided with a nipper-tap. Connect the jar with the 
air-pump by rubber tubing, and exhaust the air. Close the 
nipper-tap, and connect the jar with a gas-bag filled with chlo- 
rine. Open the nipper-taps, and let the chlorine pass into the 
jar, until the pressure within is nearly but not quite eqnal to that 
outside. The phosphorus will soon take fire. If the jar v 



filled full of chlorine, the heat of the burning phosphoi 
eof 



>uld 



ito the air. 
may be shown by heat- 
the lamp. 

tort (No. 20). Fill it 
of phosphorus, and let 
. Heat the retort until 
I stick of caustic potash 



expand the chlorine, and force out sor 

27. (§60.) The color of iodine vai 
ing a few grains of iodine in a flask o^ 

28, (§ 65, Exp. I.) Use tubulated 
nearly full of water, put in a small pie 
the mouth of the retort dip under wa 
the water in it boils, and then drop ii 
through the tubulature. The water is boiled firt 
drive out the air from the retort, so that the hydi 
may not take fire inside, and thus cause an explosi 

39- (§ 123, Exp. I.) The process is the same as 
ment in g 33, using air instead of oxygen. 

30. (§ 123, Exp. 2.) Observe the precautions given in § 12. 

31. (g 142, Exp. I.) The sugar and the potassic chlorate 
should be pulverized separately, and then mixed carefully. Pul 
the mixture on an earthen dish, and let one drop of sulphuric 
acid fall upon it from the end of a long glass rod. The ex- 
periment is brilliant, even with much smaller quantities. 



phosphide 



n the exper 
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QUESTIONS FOR REVIEW AND 
EXAMINATION. 



t^" T?is ,nlmbers r>:/ti- i> lis sec!is,:s qftki bonh. 

The Non-Metai.lic Elements. — i. Describe the experi- 
ments with muriatic acid. What products are obtained f The 
test for each? How may thej' bo united again? 2. Describe 
the expei-iments with sodium and chlorine water. What are 
obtained? How ia the oxygen tested? If hydrogen be burnt 
in oxygen, what is the product? What does this show? 3. De- 
scribe the experiment with ammonia. What new gag is ob- 
tained, and how is it tested? What does ammonia contain? 

4. Define compounds and elements. Give examples of each. 
How many elements? 5. What two classes of elements? What 
are symbols.' What is the symbol of gold? of iron? Explain. 
6. What is affinity? What are its three characteristics? Illus- 
trate each. 7. What are molecules? atoms? Why so called? 
What is said of the atoms of an element? What of the mole- 
cules of a compound ? What is this theory called ? What is the 
atomic constitution of muriatic acid? of water? of ammonia.? 

5. What symbols do compounds have? What is indicated by 
these symbols? Illustrate. 9. What are atomic weights? The 
atomic weight of H ? ofO.> ofN? of CI? How is the relative 
weight of the elements in a compound shown by the symbol? 
!o. Describe the preparation of O from KCIO3. What is a re- 
action? Express this reaction by an equation, and explain in 
full. II. Describe experiments with charcoal, sulphur, and 
phosphorus. What product in each case? How may Fe be 
burnt in O? What product? What properties of O do these 

i illustrate? 12. What is ozone? Why so called? 
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How obtained? How tested? 13. What are allatropic states? 
14. What are oxides? How named? 15. What ace acid 
oxides? anhydrides? acids? Illustrate. Explain the names 
and symbols of acide. 16. What are basic oxides? bases? 
How named? Illustrate. What are alkalies? 17. What are 
neutral oxides? i3. What is a salt? How named? Illustrate. 
19. What are binary compounds? ternary compounds? zo. 
How is H prepared? Express the reaction in an equation, and 
explain it. 21. What are the properties of H? Illustrate by 
experiments. 22. Describe the oxy-hydrogen blowpipe, and the 
experiments with it. What is the lime light? 23. The proper- 
ties of H2O? What is said of its solvent power? 24. What is 
said of rain water? spring water? mineral waters? hard and soft 
water? sea water? 35. What is said of H5O in plants and 
animals? 26. What is water of crystallization? Efflorescence? 
Deliquescence ? 27. Give some account of the uses of H^O. 28. 
How is N prepared? 29. The chief characteristic of N? 3a 
How is NO prepared? What experiments with it? 31. Define 
catalysis. 32. What is meant by the nascent state? 33. What 
is NjOg? How prepared? 34. What is NO^? N^O^? HNOj? 
35. The properties of HNOj? How made? Illustrate by an 
equation. Explain the action of HNO3 on metals? 36. What 
is NjO? How made? Its properties and uses? 37. What 
is HjN? When absorbed by water, what does it form? How is 
it prepared? 38. What is ammonium? Why is it considered a 
metal? 39. What is CN? How obtained? For what remark- 
able? What are some of its compounds? What are radicals? 
40. What are the characteristics of N? Illustrate each. 41. De- 
scribe the allotropic forms of C. 42. What is CO3? Its prop- 
erties? How prepared? Explain. How tested? 43. What is 
CO? Its preparation? Properties? 44. What are the sources 
ofS? How is it purified? 45. Describe the allotropic forms of 
S. Its properties ? 46. What is SO2? Properties and uses? Il- 
lustrate by experiment. 47. What is H5SO,? Ways of making 
it? Explam infull. 48. What is SO3? Properties? 49. What 
isH^S? Preparation? Properties and uses? 50. What is CSj? 
How made? Properties? 51. What elements belong to the O 
group? Why thus classed? 52. How is CI prepared? Explain 
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the reaction. 53. Properties of CI? Explain its bleaching 
power. 54. Describe the old and new methods of bleaching. 
How is bleaching powder madef For what else is it used? 
55. How is muriatic acid made? Explain the reaction. 56. 
What are hydracids? oxj-addsf 57. What is aqua regia? Why 
eo called? Explain its action on gold. 58. Give the names and 
symbols of the CI osyacids. 59. Give the history and proper- 
ties of Br. 60. Where is I found? Its properties? 61. Proper- 
ties of F? How prepared? 62. What is HF? How made? 
Usee? 63. What elements in the CI group? What is said of 
them? 64. Give the history and the sources of P. Its proper- 
ties? Uses? 65. What is said of the compounds of P? 66. 
What is said of As? 67. What elements in the N group? Why 
thus grouped? 68. How is boracic acid obtained? For what 
is B remarkable? 69. What is SiO^? What is said of Si? 
Jo. What is said of the C group? 

The Metals. — 71. What are some of the heaviest metals? 
some of the lightest? What is said of the melting-points of the 
metals? 72. What are ores? veins, or lodes? 73. What is Fe? 
Explain the symbol. What three forms of Fe in commerce? 
How is Fe made fibrous? How does it sometimes lose this teK- 
tiire? Explain welding. 74. Describe the blast-furnace. How 
is cast-iron made? How converted into wrought iron? De- 
scribe tiie reverberatory furnace. 75. Howls steel made? Its 
properties? Describe the Bessemer process. 76. What is Pb? 
How obtained? Properties? What is the action of H^O on 
Pb? What is said of lead pipes lined with tin? How are lead 
pipes best protected from water action? 77. What are tlie chief 
ores of Cu? Properties of Cu? 78- What are some of the 
alloys of Cu ? Their composition ? For what are they remark- 
able? 79. Whatis SnOj? Wherefound? How is Sn obtained 
fromit? Properties of Sn? Uses? What is said of tiu water 
pipes ? 80. What alloys of Sn are mentioned ? 81 . Chief ores 
of Zn? How reduced? Properties and uses of Zii? Its alloys? 
82. Give the names and symbols of the iron oxides. What is 
FeSO,, and how is it made? Its uses? What other salts of Fe 
are mentioned? S3. The names and symbols of the lead oxides? 
What is PbCOa? How is it made? Explain. What is the 
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chemical name and sj'mbol of chrome yellow? 84. What are the 
oxides of Ciif "What are the chief cupric salts? 85. What oxide 
of Zn? What salt is mentioned? S6. What is SnO? SnOj? 
What is a mordant? What salts of Sn are used as mordants? 
87. The chief ore of Hg? How reduced? Properties of Hg? 
Uses? What are araalganis? Describe the silvering cf mir- 
rors. 88. Sources of Ag? Explain cupellation and amalgama- 
tion. Properties of Ag? What is said of the compound of Ag 
and S? 89. Where is Au found? How is it obtained? Prop- 
erties? 90. Where and in what state is Pt found? How is it 
obtained from the ore? Its properties and uses? 91. Give the 
names and symbols of the oxides of Hg. What is calomel? 
corrosive sublimate? vermilion? 93. What two silver oxides? 
Their symbols? What is AgNOj? AgCi? What silver salts 
are used in photography? For what is AgCN used? 93. What 
is AujO? AuaOgf What salts of gold are mentioned ? Their 
uses? 94. What is PtO? PtOj? PtCI^? 95. How was Na dis- 
covered? How obtained now? Properties? What is said of 
its compounds? 96. Where is Mg found? How obtained? 
Properties and uses? 97. The sources and preparation of Al? 
Its properties? 98. What is Sbf Its chief ore? How reduced? 
Properties? Alloys? 99. State the sources, properties, and uses 
of Bl How is it now classed ? 100. Name the properties and 
sesofN 101. WhatisNajO? NaPa? HNaO? Its properties 
and use ? How made? State the reaction. 102. Give the 
cl em al a le and symbol of common salt. How is salt ob- 
ta ned f on sea water? How are salt lakes formed? What is 
sa d of ok salt? of salt springs? 103. What is NajCOa? Its 
uses? How was it fonnerty made? Give the history of the 
modern method? Describe the process in full. J04. How is 
HNaCOj made? Its commercial name? Uses? 105. What is 
the chemical name and symbol of so da- saltpetre ? Its uses? 
What is NaaSO,? Mention other sodic salts. 106. What is 
MgO? Epsom salts? 107. What oxide has Al? Its sources 
and uses? What is alum-cake? Give an account of the alums. 
What is clay? kaolin? !o8. What is glass? Describe the four 
kinds. Give an account of glass-making. What is porcelain, 
and how is it made? 109. What two oxides of Sb? Its chief 
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salt? no. What are the Bi oxides? What is B;3N03? hi. 
What two oxides of Nif ti3. How was K discovered? How is 
it now prepared? Its properties? What is pearlash, and how 
is it made? What are the chief potassic compounds? What is 
said of gunpowder? of KCIOb? 113. Where does Ca occur? 
How is the metal obtained? What is CaO? Its preparation, 
properties, and uses? What is mortar? hydraulic cement? 
What is said of CaCO,? of CaSO,? of CaCI^? 114. Give an 
account of Sr and its compounds, iij. What is said of Ba and 
its compounds? 116. The ciiief compounds of Cr and their 
uses? 117. Describe Co. What compounds are mentioned? 
n8. Give an account of Mn. What oxides has it? Which is 
tlie most important? Its uses? 119-123. What is said of Cd? 
of Ir? of W? of U? 

Chemistry of the Atmosphere. — 123. Prove that the air 
contains free O. What are its otiier constituents? Is it a com- 
pound of these gases? 124. What are the products of the burn- 
ing of a candle? Prove this. 125. Prove that the candle takes 
O from the air. 126. What is all ordinary combustion f 127. 
Why is a draft needed in a stove? 128. What is a combustible ? 
A supporter of combustion? What is true of these terms? Il- 
lustrate by an experiment. 129, What is necessary to make O 
unite with a combustible? 130. Show that combustion is self- 
sustaining. 131. Show that the point of ignition is different for 
different bodies. 132. When are products of burning gaseous, 
and when solid? 133. What is true of Mg? Give other exam- 
ples of the kind. 134. Show that O is not the only supporter of 
combustion. 135. What is true of the earth's crust? 136. Show 
that the materials of the earth are the results of burning, 137. 
What three states of O? What is said of the third? 13S. What 
is decay? Describe the process, and explain in full. 139. Ex- 
plain the causes of decay. 140. What is rusting? Show that it 
develops heat. 141. Define and illustrate spontaneous combus- 
tion, 143. What is said of decay in animals." What three kinds 
of food? What does milk contain? What does bread? What 
purpose does each kind of food seiTO in the body ? How is the 
body heated? Describe and explain in full. 143. What experi- 
ment illustrates the burning of sugar ? 144. Give facts concern- 
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ing the daily consumption of O. 145. Describe the formation 
of the embryo plant in the seed. 146. Give an account of the 
growth and structure of the plantlet. 147. What arc organic 
beings? What is organic structure? 148. Explain how plants 
get their food. 149. Of what does the inorganic portion of the 
piant consist? Why are manures necessary in agnculturef 
Why are fields allowed to lie fallow? Explain the principle of 
the alternation of crops. 150. Give an account of the organic 
portion of the plant. 151-153. How does the plant get H and 
O? C! N? 154. Show that the growth of plants is a chemical 
process, and how it is carried on. 155. Show that plants purify 
the air for animals to breathe. 156. Show that plants prepare 
food for animals. 157. What is said of tlie relations of plants 
and animals? 158. Give a full account of starch. 159. What is 
sugar? What two kinds? 160. What is the symbol for cane- 
sugar? From what is it obtained? Describe its manufacture 
from the cane, and the refining process. Give some facts in the 
history of sugar. 161. What names has CjaHj^Oja? In what is 
it found? How may it be made? Its uses? 162. What are the 
sources and uses of dextrine? J63. What is the symbol of cel- 
lulose? How- is gim-cotton made? What is said of it? What 
is collodion? Its uses? 164. Describe the manufacture of 
vegetable parchment. Its uses? 165. What is said of CjHeOo? 
of its compounds? What is QHsO,? C,HaOs? CaOj? HjCaO,? 
Give an account of tannic acid and tannin. 166. What is the 
composition of fats and oils? What two classes of oils? Give 
some account of both. 167. What is soap? How do hard and 
soft soap differ? The composition and uses of glycerine? 168. 
What is said of wax? 169. How do gums and resins diiferf 
Mention the chief examples of each. 170. Give some account of 
vegetable alkaloids. 171. Describe the proteine bodies? Why 
are they important? 

Destructive Distillation and its Products. — 172. 
What is destructive distillation? 173. Describe the preparation 
of charcoal. 174. What arc the products of the distillation of 
wood? 175. Describe wood r.aphtha. 176. What is creosote? 
Its uses? 177. Give an account of paralline. 178. What is as- 
phalt, and for what is it used? 179. What is slow destructive 
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distillation? 180. Explain the formation of mineral coa!. 181. 
What two kinds of coal f How do they differ? 182. How do the 
products of the distillation of soft coal and of wood differ? 183- 
Wtiat is found in coal-tar? What are the uses of carbolic acid? 
Of aniline and its compounds? 1S4-186. What is said of benzole 
and nitro-benzole? of toluole and cuniole? of naphthaline? 
187. Give the history of the coal-oil manufacture. 188. Explain 
the probable origin of petroleum. 189. How is petroleum ob- 
tained? 190. Give the history of coal-gas. 191. Whatisflame? 
192. What are the two conditions of illumination? 193. Ex- 
plain the burning of coal-gas. I94. Describe and explain 
Bunsen's lamp. 19;. What is the best shape for a gas-flame? 
196. Describe the Argand burner. 197. Explain the Bude 
light. igS. Show that a burning candle is a miniature gas- 
factorj. 199. Analyze the candle-flame. 

Fermentation. -—200. State the nature and causes of fer- 
mentation. Explain apparent cases of fermentation without a 
ferment. What two kinds of fermentation? 201. Explain 
the alcoholic fermentation. How is it brought about in grain? 
302. Explain the formation of diastase in plants. 203. Describe 
in full the process of brewing. 204. Describe the distilling and 
rectifying of spirits. 205. What is ether? Its properties and 
uses? Name other ethers. 206. Explain the acetous fermenta- 
tion. Describe methods of making vinegar. 207. Describe and 
explain bread-making. How may bread be made without fer- 
mentation ? 
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